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Spectrochimica Acta, 1953, Vol. 6, pp. 1 to 5. Pergamon Press Lid., London 


A. Gatterer 8.J.+ 


Director of the Astrophysical Laboratory of the Vatican Observatory, Castel Gandolfo; 
Founder and first Editor of Spectrochimica Acta; 1886-1953 


In the early morning of February 17, in his beloved city of Innsbruck, Father 
Alois Gatterer, confident of the mercy of the Almighty whom he had served as a 
priest and as a scientist, departed this life. 


He was born on January 28, 1886, in Reichraming, Austria, the oldest of three 
children. After spending his high-school years in Linz he entered the “Societas 
Jesu” in 1905 and then began his philosophical training at Pressburg. In 1912 
he began his studies at the Theological Faculty of Innsbruck and was ordained a 
priest in 1915. He studied Theology for two more years and at the same time began 
to teach Natural Science and Philosophy at the Theological Faculty. He also 
attended lectures at Innsbruck University in Chemistry and Physics and obtained 
his degree from this University in 1922. 

He became Reader (Privat Dozent) in 1922 and Professor at the Theological 
Faculty in 1927, where he now devoted himself exclusively to Natural Science. 
He spent one year at Oxford and there became interested in the field of Spectro- 
scopy. Upon his return to his laboratory in Innsbruck, he began research on the 
spectroscopic analysis of gaseous mixtures; this work led to his amicable and 
productive collaboration with Professor Philippi of the Innsbruck Chemical 
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Institute. His first note on the subject was published in Physikalische Zeitschrift, 
1932. 

These studies later led Dr. Gatterer to consider the spectrochemical detection 
and determination of the halogens and other metalloids, using high frequency 
excitation of the gas at very low pressure. His work in this field may be considered as 
that of a pioneer; it has been frequently referred to by later workers on the problem. 

The determination of carbon had already attracted his attention in 1938. He 
demonstrated the usefulness of the doubly ionized carbon line C III 2296.8 for the 
determination of this element in steel. During this phase of his work he col- 
laborated with Father J. Junkes, who is associated with quite a number of his 
researches and who has now been appointed Dr. Gatterer’s successor as Director 
of the Astrophysical Laboratory of the Vatican Observatory. 

In 1930, P. Dr. Stein, then Director of the Vatican Observatory, sought the 
help of Dr. Gatterer in the transfer of the Observatory outside Rome and in its 
reorganization to include a new section devoted to Astrophysical Research. This 
plan was approved by Pope Pius XI and the new Institute installed at Castel 
Gandolfo in 1933. Dr. Gatterer immediately organized a spectroscopic division 
with the extensive study of meteorites as one of its objectives. 

It became evident at once that such indispensable data as correct and complete 
wavelength tables of even the simple iron are and spark spectra were lacking. 
Using very fine equipment and working with the utmost care, Dr. Gatterer, with 
the help of Dr. Junkes, was able to publish in 1935 the Spark Spectrum of Iron 
from 4690 to 2242 A, and in the same year the Arc Spectrum of Iron from 8388 
to 2242 A. A second edition of both atlases appeared in 1947. They were warmly 
received and used all over the world in research and technical laboratories. 

In 1937 the first volume of the Atlas der Restlinien (with J. Junkes), covering 
30 elements, was published. The second volume, covering the rare earths, was 
published in 1945, and a third, including rare metals and some metalloids, appeared 
in 1947. 

Until a short time before his death Dr. Gatterer was busily engaged in pre- 
paratory work for the Atlas of Molecular Spectra which had been undertaken in 
1948 at the request of the International Astronomical Union, the first volume of 
which will be devoted to the Spectra of Diatomic Molecules—The Oxides. Such 
a work can be inspired only by a profound desire to help fellow research workers in 
the field. It gives them the necessary documents and information without which 
research as well as application are so greatly hampered. All spectroscopists must 
be grateful to Dr. Gatterer for his devotion and painstaking work. 

It was certainly in the same spirit that in 1938 Dr. Gatterer promoted the 
founding of Spectrochimica Acta. So much work in the field of chemical spectro- 
scopy was dispersed in chemical. physical and technical journals that Dr. Gatterer 
felt it preferable by far to group, if not all, at least a substantial number of these 
papers in one international journal. The plan was submitted to the Springer 
Verlag. and in 1939 the first number of Spectrochimica Acta was published. The 
writer of this obituary had the privilege of being associated with the inception of 
the new journal. He will not forget the inspiring attitude. the activity and the 
power of persuasion of the late Dr. Gatterer. 
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Unfortunately, publication of the first number of the new journal coincided 
with the very moment when World War II suddenly made international collabora- 
tion impossible. The journal continued to be published in Germany until 1944, 
when publication had to be interrupted. Two volumes had then been published. 

In 1946, after consultation with the Editorial Board, Dr. Gatterer proposed to 
resume publication in the neutral territory of the Vatican State. This was made 
possible by the personal support given in this matter by the present Pope, Pius 
XII, and helped to re-establish contact between workers in the field of spectro- 
scopy in Europe and even throughout the world. In 1948 the papers dealing with 
spectroscopy presented at the Ist International Congress of Analytical Chemistry 
in Utrecht were published by Spectrochimica Acta. 

In 1950 Dr. Gatterer was invited to preside at a meeting of the Ist International 
Congress of Spectroscopy organized by the Groupement pour |’'Avancement des 
Méthodes d’Analyse Spectrographique (G.A.M.S.) in Strasbourg, where the 
importance of Spectrochimica Acta was once more stressed. 

In 1949 Pergamon Press Ltd. in London took over the task of publishing 
Spectrochimica Acta. It will undoubtedly carry on with devotion the programme 
set by the first Editor of the journal. 

Dr. Gatterer was a member of the Pontifical Academy of Science, Honorary 
President of the Associazione Italiana di Metallurgia, honorary member of the 
G.A.M.S. and member of several other scientific bodies. 

In addition to the work already mentioned, Dr. Gatterer published a number of 
useful contributions on the problem of pure substances, particularly iron and 
graphite. He demonstrated the possibility of a selective excitation of molecular 
spectra without superposition of atomic lines. He also proposed a most useful 
projection comparator (1940), and a universal are and spark stand (1939). An 
important study on high dispersion equipment published in 1940 and several 
notes on the spectroscopy of the rare earths, should also be mentioned. Six of 
his articles were published in Spectrochimica Acta; several others appeared in 
Ricerche Spettroscopiche, edited by the Astrophysical Laboratory of the Specola 
Vaticana, and others still in the Commentationes of the Pontificia Academia 
Scientiarum, Microchimica Acta, La Metallurgia Italiana, Z. V. Deutscher Ing., etc. 

At the age of 26, F. Gatterer had been stricken by polyneuritis and was 
paralyzed for several months. But his will and strength of character enabled him, 
through painful daily exercises, to resume his studies in the same year. He never- 
theless remained partially paralyzed in the hip, and the upper part of his body 
bent over more and more with the years. So he carried on through life and worked 
to become a priest, a scientist and a man of deeds. 

Dr. Gatterer had been ill since 1951. While he was visiting Innsbruck towards 
the end of 1952 a form of cancer was diagnosed and the evolution of the illness was 
very rapid. Well aware of the gravity of the situation, regretting to abandon so 
much which still remained to be done, Father Gatterer prepared with Christian 
resignation to return his soul to God. 

His death is a very great loss to all who knew him, and is deeply felt by those 
associated with Spectrochimica Acta. 

R. BrecKkpot, Louvain 


iin @ 4 
) 


A. GaTTEeRER 8.J.t 


BIBLIOGRAPHY OF THE ScrENTIFIC WoRK oF A. GATTERER 
Papers in Scientific Journals 
La Metallurgia Italiana. 
La razionale ricerca spettrografica delle tracce. 52 (1950) 244-248. 
Mikrochemie (Microch. Acta). 
Mikrobestimmung von Halogenen, Schwefel und Selen auf spektrochemischem Wege: 36 
(1951) 476-485. 
Philosophisches Jahrbuch der Gérresgesellschaft 1914. 
Ist das Universum ein Perpetuum mobile? 368-383. 
Pontificia Academia Scientiarum Commentationes. 
Spektralreines Eisen I. 1 (1937) 77-88. 
Uber den steinmeteoriten von Rio Negro (with J. Junxgs). 4 (1940) 191-223. 
Sugli spettri di arco delle miscele neodimio-samario (with J. Junkes, L. Rouwa, G. Prccarpt). 
6 (1942) 385-419. 
Ricerche Spettroscopiche. (Laboratorio Astrofisico della Specola Vaticana) 
Zur Kohlenstoff-bestimmung in Eisen mit der Linie C III 2296, 8 A (with J. Junxgs). 1 
(1938) 1-24. 
Das Universalstativ fiir Bogen und Funken. 1 (1939) 55-71. 
Uber einige Erfahrungen an Prismenspektrographen hoher Dispersion (with J. Junxgs). 1 
(1940) 73-137. 
Das Spektrum des Holmiummonoxydes. 1 (1942) 139-152. 
Die Anregung reiner Bandenemission in der Kohleflamme. 1 (1942) 153-179. 
Uber zwei Bandenspektren des Ytterbiums (with G. Piccarpi, Fr. Vincenzi). 1 (1942) 
181-200. 
Spektrochemischer Nachweis und Bestimmung der Halogene und anderer Nichtmetalle 
(with V. Front). 1 (1946) 201-244. 


Ten Years of Scientific Research in the Astrophysical Laboratory of the Vatican Observatory. 
1 (1946) 249-256. 


Spectrochimica Acta. 
Die quantitative Bestimmung kleinster Betrige von Europium in Samarium (with J. JuNKEs). 
1 (1939) 31-46. 
Quantitative Bestimmung kleinster Betrige von Zusatzelementen in einem Grundelement, 
das spektralrein nicht erhaltlich ist. 1 (1940) 513-531. 
Ein Projektionskomparator fiir spektrochemische Analyse. 1 (1940) 352-373. 
Zur Reinigung der Kohle fiir spektralanalytische Zwecke. 2 (1941) 49-70. 
Die Anwendung der Kohleflamme fiir spektralanalytische Arbeiten. 2 (1942) 252-257. 
Zur Spektrochemie der Metalloide F, Cl, Br, J, und 8, Se. 3 (1947) 214-232. 
Z. Physiol. Chemie. 
Enthalten die Hamocyanine auBer Kupfer noch andere Metalle? (with E. Pxurirers). 216 
(1933) 120-122. 
Physikalische Zeitschrift 
Zur quantitativen Spektraluntersuchung von Gasgemischen. 33 (1932) 64-73. 
Z. f. physikalischen u. chem. Unterricht 
Uber die Verwendung der Osram-Glimmlampe im Unterricht. 34 (1931) 258-260. 
Zur Veranschaulichung des psychophysischen Grundgesetzes. 45 (1932) 153-156. 
Z. V. Neutacher Ing. 
Reinheitspriifung von Spektralkohlen. 80 (1936) 129-131: Die neue Vatikanische Sternwarte. 
80 (1936) 1483-84. 
Pubbl. Specola Astronomica Vaticana 
XVI. Il Laboratorio Astrofisico della Specola Vaticana, Innsbruck 1935, 22 pp. and 62 
Illustrations. Also in German. 
Communicazione N. 6.: Spektralreines Eisen II. (with J. Junkes), Rom 1938, 30 pp. 


4 


/ 
* 
a 
VUle 
| 6 
1952/7 
Z 
4 
: 


A. GaTtrerer 8.J.+ 


Books 


Das Problem des statistischen Naturgesetzes, Innsbruck 1924, 69 pp. 

Der wissenschaftliche Okkultismus uns sein Verhaltnis zur Philosophie, Innsbruck 1927, 175 pp. 
Spark Spectrum of Iron from 4690-2242 A, (with J. JunKEs) Ist edition (also in German) Castel 
Gandolfo 1935, 10 pp. and 13 photographic charts. 2nd edition Citta del Vaticano 1947. 
Are Spectrum of Iron from 8388-2242 A, (with J. Junxes) Ist edition (also in German) Castel 
Gandolfo 1935, 10 pp. and 21 photographic charts. 2nd edition Citta del Vaticano 1947. 

Atlas der Restlinien (with J. JuNKES) 

1. Band: Spektren von 30 chemischen Elementen, |st edition Castel Gandolfo 1937, 34 pp. 
text, 36 pp. tables of wavelengths, 28 photographic charts. 2nd edition Citta del Vaticano 
1947, 33 pp. and 28 photographic charts. 

2. Band: Spektren der Seltenen Erden, Citta del Vaticano 1945, 350 pp. and 45 photographic 
charts. 

3. Band: Spektren Metalle und einiger Metalloide, Citta del Vaticano 1949, 30 pp. and 42 
photographic charts. 

Grating Spectrum of Iron, Citta del Vaticano 1951, 16 pp. 47 photographic charts. 


2 
ue 
> 
53/54 
5 


VE 
953/ 
. 
rt 


THIRD INTERNATIONAL SPECTROSCOPY COLLOQUIUM 


Held at High Leigh, Hertfordshire, England, 
from 1-4 September, 1952 


Opening session 


Monday 1 September 1952 


W. L. Hype: Detectors of radiation 
F. Pout: Mikrochemie und Spektralanalyse 


Discussion on the paper by Dr. Pox 


i 
> 
53/54 
. 


6 


3 
oe 
¥ 
og 
ne 
a 
: 
3 
+ 


Spectrochimica Acta, 1953, Vol. 6, pp. 9 to 18. Pergamon Press Ltd., London 


Communication to the Third International Spectroscopy Colloquium, High Leigh, 1952 


Detectors of radiation* 


W. Lewis Hype 


Office of Naval Research, U.S. Embassy, London 


Summary—The perfect radiation detector gives a signal for every quantum in the incident radiation. 
These quanta will arrive with random spacing. The resulting statistical uncertainty in the measurement 
of light will ordinarily appear as noise in the measuring process. In this review paper some of the 
connotations of this point of view are developed and it is shown that most radiation detectors now in 
use exhibit the radiation noise which would be predicted if they were seeing individual photons. The 
relatively poor performance of heat receivers is shown to be due to their sensitivity to the infrared 
photons from their environment when operated at room temperature. Some of the existing radiation 


detectors are described briefly with comments on their operation. 


Today I propose to discuss some of the connotations which are bound to arise 
in all of the branches of radiation measurement because of the quantum nature 
of radiation; further to point out some of the normal experimental problems and 
then to examine which of these considerations is important at this time in the 
development of the art in each of the wavelength regions of the spectrum. I 
also want to extend my discussion to include the problems which arise when 
measuring a spectrum or an extended field of view rather than merely measuring 
a beam of light, i.e. the intensity of many beams of light. 

The photons counted during a finite time do not give an exact measure of the 
intensity of the light because of the statistical fluctuations in their arrival. To a 
fair approximation, the photons involved in an ordinary radiation experiment 
obey Poisson statistics, and accordingly the uncertainty when measuring N 
photons will be equal to the square root of N. If one measures 10,000 photons, 
the result of that experiment will have a probable error of at least 1°. 

Here, then, is the crux of my paper, for the only meaningful way to refer to 
the capability of a detector of radiation is to seek out in each case what ultimate 
uncertainty prevents further improvement. If a detector gives an unambiguous 
signal for each incident photon, it is clear that no further improvement will be 
possible. The ultimate sensitivity of such an instrument will then be limited 
only by the patience of the experimenter in his pursuit of photons. 

The number of photons counted in a particular experiment will depend on 
a number of instrumental factors. Such factors are the brightness and the avail- 
able area of the source, the solid angle used by the optical system, the transmission 
factor of the system, and the quantum efficiency of the receiver. In addition, 
the number of photons will ordinarily be proportional to the time of exposure. 
The uncertainty in the experiment will be proportional to the square root of these 
factors. 

It must be noted here that the term ‘‘quantum efficiency”’ must have rather a 
general interpretation. In the case of a photomultiplier, for instance, it does not 
suffice that a particular photon shall have generated a photoelectron on the surface, 


° The opinions contained herein are the writer's and are not to be construed as official or reflecting 
the views of the United States Navy. 
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but it must also be captured and multiplied by the dynodes of the tubes. In the 
case of a photoconductive cell, it will commonly be found that the absorption of 
one photon allows a large number of electrons to pass through the cell. The 
passage of these electrons will, of course, be a highly correlated event. That is, 
the electrons will pass almost as a bundle. The bundle will then be one unit in 
the counting process. The quantum efficiency in this case is clearly the number 
of conduction events caused by the arrival of a photon rather than the number 
of electrons influenced, and will always be less than unity. 

Two more profound problems arise in many measurements. The first is that 
photons are in some cases emitted by the receiver, and if the emission of one of 
these photons is recorded as an event by the instrument, then it will contribute 
to the fluctuations in the measurement. This is not an important problem in 
the short wavelengths nor in the visible, but the fact that experiments are con- 
ducted primarily at room temperature means it is an important source of noise 
in the infrared. In particular this is one reason for the inferiority of bolometers 
and thermocouples when compared on an energy basis with other radiation 
receivers. 

The second problem is the arrival of extra photons from the environment or 
indeed from within the beam itself which are not truly part of the signal. This 
again is of greatest importance in the infrared where the entire environment of 
the receiver may be expected to contribute photons, but it is also a problem in 
many practical experiments in the other parts of the spectrum. It does not 
suffice to balance out this steady background, since these photons also carry their 
own fluctuations which may dominate the signal to be measured. Raman spectra, 
for instance, will often be dominated by this fluctuation when the desired spectral 
line lies close to the exciting line. As the number of photons counted in a par- 
ticular experiment is increased, the noise level increases rather than decreases. 
True enough, the fractional fluctuation becomes less and the experiment more 
accurate, but the total fluctuation is greater. In a typical Raman experiment 
there might be 10° stray light photons per unit time leading to an uncertainty 
of +10*in the count. Clearly it is futile to try to see a signal of only 10* photons 
in that time. Without the stray light, the 10* could have been measured to +1%. 

A new problem arises in an experiment where it is necessary to measure an 
entire spectrum. Such an experiment consists in the successive measurement of 
the intensities of a number of different beams of light. If the same apparatus 
and receiver are used for each of these measurements, it will either be necessary 
to prolong the experiment for a very long time or to measure very few photons at 
each of the different wavelengths. In one of the automatic recording infrared 
spectrometers with which I am familiar, the number of separate elements into 
which the spectrum is resolved is about 1000. This means that at any one wave- 
length we are collecting the photons for only 0-1°%, of the duration of the entire 
experiment. It is clear that if some technique could be devised whereby these 
photons were collected at all portions of the spectrum throughout the duration 
of the experiment. then the number recorded at each wavelength would be increased 
by a factor of 1000 and the precision of each reading increased by the square root 
of 1000 or 33. In practical spectroscopy the resolving power enters twice, first 
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because of the necessity of narrowing the entrance slit and thus decreasing the 
effective area of the source, and secondly because of the greater number of sub- 
divisions into which the spectrum is divided. This means that two similar instru- 
ments differing by a factor of N in resolving power will differ by a factor of N* 
in the number of photons available per unit time in each of the resolved units 
of the spectrum, and by 1/N in signal-to-noise ratio. In this case the sacrifice 
due to successive scanning of the individual elements will be even greater, and it is 
even more important that we should seek for techniques which examine all of the 
spectrum simultaneously throughout the entire experiment. It is clear that this 
argument is one of the principal reasons for the continuation of the use of the 
photographic film in spectrographic experiments, for the film is almost precisely 
the desired solution; a large number of quantum integrating receivers, each with 
its own noiseless amplifier; the development process being the amplification, of 
course. 

Some time ago, Professor CzERNy in Frankfurt developed a device called 
the evaporograph whereby he took pseudo-photographs in the heat regions of 
the infrared spectrum. This device was very simple in concept, i.e. the spectrum 
is cast upon a thin film of plastic with low heat conductivity and heat capacity 
and as the plastic heats locally, a thin layer of sublimed camphor or oil is allowed 
to evaporate away. The quantum efficiency of this process must indeed be very 
low, but when one considers the very large time factor of advantage which is 
introduced into the experiment by the fact that all of the portions of the infrared 
spectrum are being examined simultaneously, it is easy to see that even a very 
poor piece of apparatus can be expected to compete very well with conventional 
observational techniques. 

The human eye is another device which contains a very large number of 
photon collectors, but it is unable to store up information over a period of time 
longer than about 2/10 of a second. In any experiment which must be completed 
in this short time, the human eye will be found to be superior to the photographic 
plate in its perception of the details of a spectrum or a picture. 

Let me turn briefly now from spectroscopy and consider instead the more 
complex problem of photography, vision, and television. In this problem one 
must weigh the available time, the resolving power of the apparatus, and the 
degree of contrast to be measured in each particular experiment. Here again 
it is the quantum nature of the light which determines the range over which these 
various conflicting parameters may be varied. The resolving power limit is 
determined by the smallest possible area which during the allowable time of the 
experiment receives enough photons to give an unambiguous measure of the local 
light intensity. Rose [1] has shown that in any given situation the product of 
the brightness of the scene, the square of the contrast ratio, and the square of 
the area resolved must be a constant if the system is actually a device for counting 
photons. Over a limited intensity range a photographic film and certain television 
camera tubes achieve this best-possible performance. Over a remarkably wide 
intensity range, the human eye does equally well. It is interesting to examine 
the reasons why the human eye should achieve this success over so much wider a 
range than the ordinary photographic film or the television pick-up camera. The 
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photographic film may be conceived as a mosaic of separate amplifiers each one 
covering an area roughly the size of a grain of the emulsion. The experimenter, 
when choosing the film, is presumably making a decision about the resolving 
power which he hopes to obtain in the picture. That is, in each of the elements 
which he hopes to resolve there must be a number of individual grains large 
enough that he can achieve his desired accuracy in contrast rendition. If he 
chooses a film that is excessively grainy, then he will sacrifice resolving power. 
If he chooses one which has excessively fine grains then he will need a longer 
exposure to yield the desired results, for the individual grains will be more numer- 
ous, and each will still need its quota of photons. 

It takes about 200 quanta of light to render a grain of photographic emulsion 
developable. At an intensity of exposure such that about half of the grains 
are developable, the performance of the photographic plate very nearly reaches 
the ideal predicted for a device whose quantum efficiency is about 1%. As one 
goes to higher exposures, a very large number of the additional quanta are not 
utilized but instead only land in grains already sufficiently sensitized. This means 
that the performance falls off very rapidly on the high intensity side. On the low 
intensity side, if one grain is getting less than 200 quanta, its neighbours are also 
getting less. Accordingly an average of 100 quanta per grain will not suffice 
to give any developable grains at all. Therefore as soon as the density of absorbed 
photons begins to fail to reach the necessary level, then the developability of the 
film falls off very fast. 

It is common experience that a photographic film is useful over a factor of 
4 range in exposure. This is true, of course, only when the speed of the film 
and the brightness of the source and the focal length of the lens remain fixed. 
Within practical limits, proper film can of course be chosen for any given situation 
so as to approach this theoretical limit base solely on the fluctuations in the 
photons. Let me dwell on this point a little more. Some spectrographs are 
provided with two cameras, one with a long focal length for high resolution, the 
other with short focal length for weak light. In practice the two would yield 
substantially the same results if each camera were used with the optimum film. 
The long focal length camera will give the same resolving power with a faster 
film with a larger grain size. This is only to say that changing the focal length 
of the camera lens will not change the number of photons. 

Let us return for a moment to the human eye. Measurements by BLACKWELL 
have shown that the resolving power and contrast perception of the human eye 
are approximately that which would be expected from a device with quantum 
efficiency ranging at low light levels from 6% to 1% at high light levels. To 
maintain this performance, the eye must lose resolving power at low intensities 
and gain it at high. This may be compared with changing photographic plate 
speed during an experiment according to the available light. This efficient 
operation of the eye is found over a brightness range of 10°. This extraordinary 
range cannot of course be obtained by the use of any one simple device. It is 
well known that the eye is able to control to some extent by changing the effective 
aperture. A further change in the local sensitivity is derived from the influence of 
the visual purple, i.e. the dark adaptation process. Even these two are not 
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enough to handle a factor of 10° range in brightness. The eye must rely in the 
last analysis on neural connections which are presumably located in the network 
immediately behind the retina. The function of this network is to pool the stimuli 
from nearby photoreceptors when the number of these stimuli is small, as it is 
at low light levels. This is the same as changing from a photographic emulsion 
with small grains to a photographic emulsion with large grains. As the bright- 
ness of the light is increased then the portions of the retina which operate in 
cooperation decrease in size and thus the resolving power of the eye changes 
according to the available information. Even these three mechanisms do not 
suffice. When going from high levels of illumination to low levels of illumination, 
the complexity of the neural network required is too great, and the eye finds it 
necessary to shift from central vision to foveal vision where there is a different 
disposition of the photoreceivers, and different neural connections. 

All of these arguments with respect to the human eye apply if the storage 
time of the eye is taken to be about 2/10 of a second and independent of the 
brightness of the scene. The photographic film wins out in practice because its 
exposure time is unlimited. 

Among the television camera tubes, the image orthicon is the only one which 
competes effectively with the human eye and the photographic film. To a large 
extent, the same consideration limits its performance that limits that of the 
photographic film, i.e. the designer must in any particular circumstances choose 
the grain of the surface used in the image orthicon to achieve the desired resolution 
in the field of view. He cannot then hope to change the brightness of the field 
of view by a factor of more than about 10‘ without severe loss in performance. 

Up to this point I have limited my considerations primarily to the phenomena 
associated with the quantum structure of the radiation field. Now I would like 
to consider a number of actual devices and see the extent to which they meet 
this criterion. Perhaps the simplest one is the ordinary photoemissive tube. 
Photoemissive surfaces can be made which exhibit a quantum efficiency in the 
blue end of the spectrum as high as 25%. In an ordinary experiment using a 
vacuum photodiode, the statistical nature of the incident photons will appear 
in the form of a shot effect in the photocurrent, say Ai = the current fluctuation. 

It has been accurately verified that the fluctuation characteristic of this shot 
effect is proportional to the square root of the current, 7, and is uniformly distri- 
buted in frequencies low compared to the reciprocal of the transit time within 
the diode. In any experiment where this shot noise is clearly visible on the 
recording instrument, then no further sophistication will improve the observation. 
In those cases where it does not, the Johnson noise of the amplifier coupling 
resistance R,, will often be the limiting source of noise. 

The shot noise voltage is 


[AiJR, = V2elAf- R, 


where e = the charge on the electron, and Af = the amplifier bandwith. 
Let it be equated to the Johnson noise of the load resistor 


V4kR,AfT = R,V 2el Af 
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where k = Boltzmann’s constant and 7’ = the absolute temperature. 
Then the voltage drop across R,, 


2kT 
IR, = ~ 0-04 volts 


at room temperature. 

If the voltage drop across the load resistance is less than 0-04 volts then it 
may be possible to raise it to that level by putting some form of noiseless amplifi- 

cation in before the amplifier. One form that this can take is to insert a gas 
into the phototube. It is easy to get stable gas amplification of the signals up 
to about an amplification of 5. In some very special cases it is possible to push 
this amplification up to 50 for low light levels. 

Another way is to use a very large load resistance. Here the interelectrode 
capacitance C, of the phototubes becomes the limiting factor because the time 
constant of the R,C circuit becomes prohibitively large. This time constant can 
be reduced by appropriate positive feedback. By this technique very very high 
gain systems may be used with appropriate electrometer tubes, and shot noise 
can be seen to currents of the order of a few hundred electrons per second. 

A more popular way of achieving this noiseless amplification is to use a photo- 
multiplier tube. Although it has a great many practical advantages, the photo- 
multiplier seems to me to offer only two unique advantages over the more simple 
apparatus described above using an electrometer tube. The first of these is 
the ability of the photomultiplier under certain circumstances to achieve the 
actual counting of individual photoelectrons. The second comes from the tre- 
mendously wide frequency bandwidth available in the photomultiplier. On the 
other hand, it is not commonly possible to achieve the same variety of photo- 
surfaces within photomultipliers, either with respect to wavelength sensitivity 
or size and shape. In practice, the photomultiplier tube has the considerable 
advantage of requiring a minimum of auxiliary equipment and experimental 
skill, and still achieving results approaching the theoretical maximum. 

When using a photomultiplier as a quantum counter it is found that even 
in the absence of light events take place which are indistinguishable from those 
caused by photoelectrons. These arise from thermionic emission from the photo- 
cathode and must indeed be present even in an ordinary diode. The equation of 
thermionic emission from a photocathode contains only three parameters which 
can be influenced. The first of these is the temperature. A very rapid reduction 
of thermionic dark current occurs when the tube is cooled. This, of course, 
presents many awkward experimental difficulties but still is undoubtedly necessary 
and valuable for optimum performance. The second parameter is the area of the 
photocathode. Since the dark current due to thermionic emission is proportional 
to the area, the area should be as small as possible in any given optical system. 
One of the advantages of the photomultipliers made by the E.M.I. Research 
Laboratories in England is that they are available with very small photocathodes. 
The last parameter that controls the thermionic emission is the work function of 
the photosurface. Since this is presumably the same work function which deter- 
mines the spectral range over which the cathode has useful sensitivity, it can 
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only be changed by reducing the long wavelength response. It is also interesting 
that this relationship between thermionic emission and spectral range is un- 
doubtedly the reason why there are no red-sensitive photomultipliers available 
commercially. The experience of the manufacturers who have built them is that 
they have such a very large thermionic emission at room temperature and thus 
such a very large apparent dark current that they are of little use in practical 
experiments. 

It is easier to make a good photosensitive surface with adequately low ther- 
mionic emission for the ultraviolet. Unfortunately the demand is so low for these 
multipliers that they are not ordinarily available commercially, and it is easier 
to adapt an ordinary multiplier for ultraviolet use. 

It is clear, that we cannot hope to build a photomultiplier with any kind of 
operation at all at wavelengths beyond about 24 when operating at room tempera- 
ture. The thermionic emission due to the room temperature energy of the electrons 
would completely swamp the system and make visible only very massive photo- 
currents. Also techniques are not known for reducing the work function of the 
surface. 

Going into the infrared, let us consider next the heat sensitive receivers such 
as the bolometer, the thermocouple, or the Golay cell. Once we have chosen a 
technique of measurement, for instance the resistance of a bolometer, which 
measures only the energy of the absorbed photons and not their separate identity, 
we have made a very large sacrifice in the attainable performance. One reason 
for this is clear; now that we are incapable of distinguishing the separate photons, 
the receiver is swamped in infrared photons of all wavelengths for which it is an 
absorber arriving from all of its environment, and these photons will be subject 
to the same statistical fluctuations which other photons are. There will also be 
the emission of photons from the body. Since these two processes are statistically 
independent, they are additive. 

In actual practice, most of the receivers built to date and described in the 
literature fail by a moderate amount to see this fluctuation in the radiation 
environment. The noise of the receivers is primarily the Johnson noise of the 
resistive component of the impedance of the receiver rather than this radiation 
noise. It is not clear that we are up against any kind of a fundamental limitation 
at this point, for the relative size of the noise due to radiation fluctuation and 
the Johnson noise is determined entirely by the coupling between the temperature 
fluctuations and the electrical circuit, i.e. on the temperature coefficient « of the 
resistance of the bolometer, or upon the Peltier coefficient for a thermocouple. 
As a matter of fact, what counts in this experiment is the relation of « to the 
resistivity of the material. In practice it is found that the materials with high «, 
e.g. some of the semiconducting oxides, also have very high resistivity. The 
result is an increase both in the Johnson noise and the temperature coefficient, 
which is to say in the size of the electrical signal which is produced by a given 
radiation fluctuation. 

One heat receiver in which the Johnson noise may not be the fundamental 
limitation is the Golay cell, a gas thermometer. This is a device where a membrane 
in a small cell of gas is used to trap the radiation being measured. The absorption 
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of the radiation is indicated by a sudden change in the temperature of the gas 
which leads to an increased pressure and causes a small diaphragm to bend out- 
ward. The bending of this diaphragm is observed by the movement of a small 
beam of light so that the amount reaching the photocell is changed by a very 
large amount. This very large coupling between the thermal condition of the 
receiver and the associated electrical circuit is the basis for the excellence of the 
Golay cell in comparison with the bolometers and thermocouples. According to 
some calculations by Jones [3], the Golay cell is about five times better in ultimate 
sensitivity than the best bolometers and thermocouples and approaches within 
about a factor of two the limit based on radiation fluctuation. It is not certain 
that this performance is often attained in practice, for the literature on the Golay 
cell is rather sparse, and there has not been much experience with them. 

Let us further illustrate my argument that there is no fundamental reason 
why the temperature coefficient need be bounded by the two other examples 
that I can think of where it is dramatically large. One of these is the super- 
conducting bolometer studied by ANDREws at the Johns Hopkins University. 
He built and operated a bolometer which worked on the verge of the super- 
conducting state at a temperature of about 15°K. By balancing on the edge of 
this superconducting condition, he was able to obtain a very large temperature 
coefficient of resistance. Another example that I know of is unfortunately not an 
electrical bolometer. W. Hrrcncock [4] once built a bolometer operating by a 
change in the magnetic properties of a thin strip used as one leg in a balanced 
electrical bridge. The material he chose for the thin strip was one whose Curie 
point was a few degrees above room temperature. When he put this into a 
thermostated oven there was a tremendous increase in the sensitivity of the 
system at the point where the Curie change in magnetic properties took place. 

Whenever bolometers are able to see the fluctuations in their environment, 
they will be improved by any technique which cuts down these fluctuations. 
One such technique would be to change the emissivity and absorption properties 
of the surface. Thus, if the bolometer is incapable of emitting or receiving photons 
except over a limited wavelength range, there will be a very large reduction in 
the number of photons contributing to the noise. 

Another way is to cut down the area. It is interesting to note that for bolo- 
meters the area dependence of the Johnson noise and the radiation noise is the 
same, i.e. proportional to the square root of the area, since the number of photons 
emitted and absorbed is proportional to the area. Small bolometers will thus 
always be better than large ones. An infrared spectroscopist will always do well 
to spend as much thought and expense on the mirror which collects the radiation 
and focuses it onto his sensitive element as he does on all of the rest of the optics 
in his instruments because the focal length of this mirror determines the ultimate 
performance of his instrument. 

Another important parameter in the operation of bolometers is the time 
constant of the receiver. Photoemissive devices do not properly have a time 
constant, since the emission of the photoelectron is a highly localized event which 
occurs in a time short compared to a normal experiment. With heat receivers, 
this is no longer the case. A thin receiver of low heat capacity will respond 
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rapidly, a heavy one more sluggishly. The rate of response and the thermal 
coupling of the receiver with its environment determines the frequency spectrum 
of the thermal and radiation noise of the device. It also determines the length 
of time over which a receiver is able to collect photons, and thus sets a partial 
limit to the effective time for a particular experiment. The slower bolometer 
will obviously be the better from this quantum point of view. In practice, thermal 
experiments are particularly difficult to perform, and slow bolometers will ordinarily 
be subject to irrelevant disturbing influences from their environment. As a result, 
the medium-fast bolometer often turns out to give the best results in a practical 
experiment, because it is possible to use relatively more sophisticated electronic 
techniques with which to see the inherent noise of the system and to avoid 
irrelevant distraction from the environment. Indeed, there is a kind of a cross- 
over here, for a bolometer whose time constant is more than 1/10 of a second will 
not ordinarily be useful with a chopped radiation, for the associated electronic 
circuit operating at this very low frequency will be excessively awkward. As a 
result such receivers are often used in direct current circuits and in this case 
are subject to very severe and difficult drift problems. The faster bolometers 
are easily connected into conventional AC amplifiers and thus are easily made 
free of drift. 

In any given experiment, the various limiting time factors must be analyzed 
and compared carefully to determine which one will govern the final signal-to- 
noise ratio. Let me illustrate this concept by a small paradox. If two identical 
bolometers are connected into amplifiers whose bandwidths differ by a factor of 
10, then they will produce signals whose signal-to-noise ratio recorded on a chart 
will differ by the square root of 10. In practice, the two records will yield the 
same accuracy if the two experiments are carried on for the same 'ength of time. 
It is irrelevant whether the machine does a preliminary averaging and the eye does 
the rest, or the eye does the whole job. 

Photoconductive cells are obviously subject to the same arguments which I 
have given for the bolometers and the photoemissive cells. This means that the 
cell used without extra precautions will ordinarily be swamped in photons of the 
wavelengths to which it is sensitive. This may be demonstrated very easily by 
observing the tremendous change in conductivity when cooling these cells to a 
very low temperature. This experiment is particularly convincing when done in 
two steps; if the receiver is first cooled, but exposed to a room-temperature 
radiation field, the resistance will increase and the noise decrease a great deal. 
If it is then shielded from the radiation field, the resistance will rise still further, 
and the noise will essentially vanish. Clearly most of the finite conductivity 
found at room temperature may be attributed to the photon bath in which they 
are immersed [5]. Since the infrared intensity rises very steeply upon going 
beyond 3, it does not seem likely that useful room temperature receivers can 
be built with sensitivities appreciably beyond this. In fact, as the sensitivity 
approaches 7 or 8u the performance must clearly become equivalent to that of 
the bolometer. Unfortunately, there is little precise information about these 
devices in the literature, so little more can be said about them. What there is 
suggests quite clearly that again the quantum structure of the radiation field is 
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the principal source of noise, and further refinement cannot be expected to yield 
substantial improvements unless it changes this situation. 
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Mikrochemie und Spektralanalyse 


Franz 


Technische Hochschule Graz, Austria 


Summary— Emission spectroscopy has become a particularly useful aid to the microchemical analyst. 
This is not so much because it is used as an analytical procedure, but rather as a kind of ultra-micro 
balance for groups of elements which have been separated from the main sample by chemical procedures. 

These chemical procedures begin with the classical methods of separation and extend to the special 
microchemical techniques and the use of specially sensitive organic reagents, in particular the reagents 
which form chelate complexes used for chloroform extraction, and the precipitation of traces of metals 
by the addition of co-precipitants. 

Procedures worked out by the lecturer in the course of the last few years enable the selective con- 
centration of a number of heavy elements from million-fold excess of other elements; and also the com- 
plete separation of disturbing iron or other elements with complex spectra which is useful when spectro- 
graphs of small dispersion are used. 

With the aid of such microchemical spectrochemical methods one can solve analytical problems 
which neither chemical nor spectroscopic methods could solve separately. 


Die quantitative Emmissions-Spektralanalyse ist als physikalische Mikromethode 
ein iiberaus wertvolles Hilfsmittel des Mikrochemikers geworden. Sie dient hier, 
im Gegensatz zu ihren hiufigsten Anwendungsgebieten wie zum Beispiel der 
Stahl—und Metallanalyse, nicht als ein selbstaindiges analytisches Verfahren, 
sondern bildet in vielen Fallen das abschliessende Glied einer Reihe chemischer 
Operationen wie die Waage in der Gravimetrie. Als eine Art Ultramikrowaage 
erméglicht sie die quantitative Bestimmung nicht nur unwagbar kleiner Metall- 
spuren, sondern auch die gleichzeitige Erfassung mehrere- Elemente, die mit 
Hilfe geeigneter chemischer Operationen aus der Probesubstanz isoliert wurden. 

Die besonderer. Anforderungen, die sich an chemische Verfahren ergeben, mit 
deren Hilfe Metallspuren von millionenfachen Mengen von Ballastelementen 
getrennt. werden sollen, haben zur Entwicklung spezieller Verfahren gefiihrt, die 
von den tiblichen klassischen Trennungsgangen der analytischen Chemie abweichen. 
So haben zahlreiche Autoren wie Brttz und Macuis, HELLER, KunLA und MAcHEK, 
ABRAHAMCZIK, RowNER, MitcHeLt und Scott, SeMPpe.s, PrrerR und Beckwitu, 
PFEILSTICKER, BAuDIScCH, um nur einige zu nennen, auf Fehlerquellen und 
Méglichkeiten zu deren Ausschaltung hingewiesen oder neue Wege gezeigt. 

Empfindliche organische Reagenzien, vor allem Chelatkomplexbildende, deren 
Metallkomplexe auf Grund weitgehender koordinativer Sattigung kaum fehler- 
verursachende Nebenerscheinungen bewirken, haben sich fiir diese Operationen 
besonders bewihrt. Sowohl die Chloroformextraktion der Metallkomplexe als 
auch die Fillung mit Reagenzgemischen nach Zusatz von Spurenfaingern ermdég- 
lichen einfache auch fiir Serienanalysen geeignete Verfahren. 

Bei der Entwicklung unserer Verfahren, haben wir uns die Vorteile dieser 
organischen Reagenzien in Verbindung mit mikrochemischer Arbeitstechnik, vor 
allem mit den mikrochemischen Arbeitsgeraten nach Gorbach, zu nutze gemacht. 
Das Ziel dieser Verfahren ist die verlustlose Anreicherung von Metallspuren und 
falls erforderlich, auch die Trennung von linienreichen, in grésseren Mengen 
anwesenden Schwermetallen, die bei der spektralanalytischen Bestimmung der 
Spuren Stérungen verursachen kénnen. 
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Das Prinzip dieser Verfahren ist kurz das folgende: Die Probe wird in Lésung 
gebracht oder liegt als Lésung vor. Die Spurenmetalle werden mit Hilfe 
einzelner oder gemischter organischer Reagenzien bei geeigneten pH-Werten 
extrahiert oder mit Spurenfiangern gefiallt. 

Die Extrakte werden mit Perchlorsiure mineralisiert. Hierauf wird eine 
Standardlésung und ein Spektrographischer Puffer mit Hilfe der Membranbiirette 
nach Gorbach zugesetzt. Die so angereicherten, mit Bezugselement und 
Puffersubstanz vereinigten Spurenmetalle werden mit einer geeigneten Vorrich- 
tung auf ein kleines Volumen (0, 1-0, 2 ml) gebracht. Von dieser Lésung werden 
0, 02 ml auf Kohleelektroden im kondensierten Hochspannungsfunken abgefunkt. 

Als Bezugselement verwenden wir in den meisten Fillen Beryllium. Die 
Berechnung der Schwirzungsdifferenzen erfolgt nach durch angenaherte 
rechnerische Streckung der Schwirzungskurve der Platte. Durch diese Trans- 
formation umfasst das Arbeitsbereich mehrere Zehnerpotenzen der Konzentration. 

Um die mannigfaltige Anwendbarkeit dieser Arbeitsweise vor Augen zu 
fiihren, sei es mir gestattet, drei Beispiele aus der Praxis aufzuzeigen. 


1. Die Untersuchung von Wassern auf Spurenmetalle 


Aus der Erkenntnis der physiologischen Wirksamkeit und Lebenswichtgkeit 
einer Reihe von Spurenelementen ergab sich die Notwendigkeit der Entwicklung 
einer Methode zur Erfassung und Bestimmung aller in diesen Wassern enthaltenen 
Spurenmetalle. Hiebei soll méglichst die Aufarbeitung grésserer Wassermengen 
und zeitraubendes Eindampfen vermieden werden. 

Wir haben ein Verfahren ausgearbeitet, welches unter Verwendung von nur 
einem Liter Wasser die Bestimmung vorhandener Spuren von etwa 25 Elementen 
(Ag, Al, Au, Bi, Cd, Co, S.E., Cr III, Cu, Fe, Ga, Hg, In, Mn, Mo, Ni, Pb, Pd, Sn, 
Th, Ti, Tl, V und Zn) in einem Arbeitsgang bis zu einem Gamma/ Liter, das sind 
0,001 ppm erméglicht. Das Verfahren beruht auf der Extraktion mit einem 
Gemisch organischer Reagenzien. 

Ein Liter Wasser wird bei pH 3 und 5 mit einem Gemisch von Oxin und Dii- 
thyldithiocarbamat mit Chloroform ausgeschiittelt. Nach Zusatz von Ammonium- 
tartratlésung wird die Extraktion bei pH 7 und 9 mit einem Gemisch von Oxin, 
Dithiocarbamat und Dithizon beendet. 

Mit diesem Verfahren erfahren die Spurenmetalle eine 10.000-fache Anrei- 
cherung. Eine grosse Zahl mineralarmer Heilwisser, die wir untersuchten, ist 
auf Grund der nachgewiesenen Spurengehalte in véllig neuen Licht erschienen. 


2. Die Bestimmung von Metallspuren in titanmattierter Zellwolle 


Dieses Verfahren besitzt im Rahmen der Untersuchung von Kunstfasern eine 
besondere Bedeutung, nachdem gewisse Schwermetalle die Lichtschidigung der 
Faser durch Katalyse begiinstigen sollen. Der spektrographische Nachweis der 
Metallspuren wird besonders bei Spektrographen geringer Dispersion durch das 
als Mattierungsmittel zugesetzte Titandioxyd infolge seines Linienreichtums im 
UV verhindert. Wird die titandioxydreiche Zellwollasche mit Pyrosulfat durch 
Aufschluss in Lésung gebracht, so wird das Verhialtnis der Spuren zu den Ballast- 
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elementen noch ungiinstiger und eine Anreicherung sowie Trennung von Titan 
unumgianglich. 

Wir fiihren diese Trennung und Anreicherung mit Pyrolidindithiocarbamat, 
dem T-Carbat von Giev und Scuas, durch. Dieses Reagenz ist ein empfind- 
liches Fallungsreagenz fiir die Metalle der Schwefelwasserstoff- und Ammonium- 
sulfid-Gruppe. Alkalien, Erdalkalien, Titan und Aluminium werden nicht 
gefallt. Die Fallung wird gemeinsam mit Zink als Spurenfinger vorgenommen. 
Mit diesem Verfahren ist die Bestimmung von Cu, Fe, Mn, Co, Ni, und V von 1 
Gamma/Gramm (1 ppm) aufwirts, ferner Cr, Pb und Mo mit etwas geringerer 
Empfindlichkeit méglich. 


3. Die Bestimmung der Spurenmetalle in stark eisenhiltigen 
Substanzen wie Kohleaschen, Bodenproben usw 
Dieses Verfahren bedient sich der Extraktion mit Oxin, Dithizon und Dithio- 
carbamat nach Isolierung von Eisen mit Hilfe einer Kombination des Benzoat- 
verfahrens nach Ko.LtHorr und einer Ausatherung aus salzsaurer Phase. Die 
Operationen erfolgen nach dem folgenden Schema. 

Die salzsaure Lésung der Probesubstanz, die neben den zu bestimmenden 
Spuren einen grossen Ueberschuss an Alkalien, Erdalkalien und Eisen enthalt— 
in gewissen Fillen kann ausserdem Titan und Aluminium in grésseren Mengen 
anwesend sein—wird auf pH 3,8—bis 4 eingestellt und die Benzoatfallung in der 
iblichen Weise vorgenommen. Das Filtrat bringt man in einen Schiitteltrichter, 
wihrend der Niederschlag der basischen Benzoate und daran adsorbierte Spuren 
in 6,5 n Salzsiure gelést und ausgeithert wird. Die salzsaure Phase wird ein- 
geengt und mit dem Filtrat im Schiitteltrichter vereint. Nun kann die Extrak- 
tion der Spurenmetalle mit Oxin und Dithizon oder bei grossen Titan und 
Aluminiummengen mit Dithizon und Dithiocarbamat erfolgen. Der weitere 
Vorgang ist der gleiche, wie eingangs beschrieben. 

Bei allen derartigen Verfahren ist die Reinheit der Gerite und Reagenzien 
auf das sorgfaltigste zu kontrollieren. Die Genauigkeit der Bestimmungen bewegt 
sich in den iiblichen Grenzen und wird durch die Anreicherungsoperationen nicht 
merkbar verandert. 

Die angefiihrten Beispiele kénnten durch weitere aus verschiedenen Anwen- 
dungsgebieten fortgesetzt werden. Die grosse Zahl der bereits bekannten organis- 
chen Reagenzien bietet viele Méglichkeiten, sodass die Verfahren jedem speziellen 
Problem weitgehend angepasst werden kénnen. Auf diese Weise ergeben sich 
oft einfache Lésungen bei bisher schwierigen analytischen Problemen. Es zeigt 
sich, dass sich der Spektralanalyse durch die Verbindung mit moderner mikro- 
analytischer Methodik neue Arbeits—und Anwendungsbereiche eréffnen, die ihr 
als selbstindiges und alleinstehendes Verfahren bisher verschlossen waren. 


DISCUSSION ON THE PAPER BY F. PoxrL 
Proressor MECKE asked whether the method had been used for the detection of metals in body fluids 


such as blood and serum. 

Repty: This method has been used to detect thallium in urine in a mild case of poisoning and the 
thallium separated by means of thionalide which is used in sodium hydroxide solution. 

ProFEessor Mayer (Vienna) pointed out that the combination of organic reagents with spectroscopy 
is the only certain method for trace analysis of the heavy metals in particular, and teamwork between 
organic chemists, analytical chemists and spectroscopists is essential. 
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Dr. PFEILSTICKER (Stuttgart) pointed out that the special value of spectrochemical methods in 
microchemistry lay in their application to very small samples of material, and in particular it was an 
advantage that the separation of these small quantities of material could be done by groups which were 
afterwards analyzed spectrochemically, instead of having to separate out each element one at a time 
as in ordinary metallurgical analysis 

The use of beryllium as a comparison element was quite safe when spark excitation was being used 
for the identification of the elements. When an interrupted arc was being used, it was better to use a 
mixture of palladium, indium, gallium, cadmium, in order to get the comparison lines. This mixture 
is also being used by AnReNs in his metallurgical work in the U.S.A. The sensitivity reached by this 
method was 0-01 » per mg of sample. 

Proressor Giiuis (Ghent) pointed out that the use of organic reagents was not confined to the 
separation of metals for emission spectroscopy but was also useful when the metals were to be separated 
by the extraction of the organic compounds of the metals with isopropyl alcohol (organic complexes) 
and the absorptiometric analysis of the solution. This had been applied for copper and for iron in 
concentrations ranging from 1/200 y in 1 mm copper to 1/100 y in iron compounds. The method had 
not been applied to cobalt. 

Dr. Aviink (Eindhoven) raised the question of whether the detection of arsenic in germanium could 
be assisted by organic separations of this kind. 

Dr. Pont (Graz) said that the method had not been developed particularly for arsenic but chiefly for 
the metals of biological importance 

PROFESSOR MAYER pointed out that the difficulty with arsenic in quantitative analyses was that it 
was volatilized before it was completely excited, and he added that it could be concentrated by the 
Gutzeit reaction and that a photometric rather than a spectro-photometric method could be used in 
the quantitative estimation after the Gutzeit reaction had been carried out 

Dr. Pon. reminded those present that 10 to 15 vears ago a method for the electrolytic separation of 
arsenic on copper electrodes was published by GerLacn and Riept. 

Dr. Gittieson (Harwell) pointed out that, in an atomic pile, it was possible to activate traces of 
arsenic in germanium, and that, by rapid removal of the sample and analysis of the residual radio 
activity due to the activated arsenic this method was quite simple—if you had an atomic pile. 

Dr. Semrecs (Vieille Montagne Co., Belgium) raised the question of the difficulty introduced into 
quantitative analysis by the presence of sodium and potassium salts which were partly taken into 
solution by the organic extraction reagents. 

Dr. Pout said that the difficulty which might arise from the varying concentration of potassium in 
quantitative analysis was overcome by the addition of an excess of potassium salts to the solution 
containing beryllium, which was added as an internal standard, so that a constant excess of potassium 
salt was present in all solutions used for trace analyses. 

Proressor Gorsacn (Graz) pointed out that, in his experience, and in the experience of his pre- 
decessors in the School of Microchemistry, progress had been due entirely to the combination of organic 
chemistry, microchemistry, and spectrochemical methods, and one reason was that the materials which 
the chemists had hitherto regarded as pure were not normally sufficiently pure to be used as reagents in 
trace analyses, but the organic reagents now used could be purified by purely organic means without 
introducing the complex contamination (which would result from the traditional reagents) into the 
samples which were being analyzed. The ordinary chemical laboratory probably contained all the 
elements known to the chemists. The analysis of mineral water in particular opened up new fields for 
the application of biological chemistry now that the contribution of minor trace elements in mineral 
water could be traced, because for the first time the small trace elements could be recognized and 
ulentified by the combination of microscopic and spectrographic methods. 
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Spectral determination of the Curie point 


J. M. Lopez pe Azcona and J. M. Losapa 
Instituto Geologico y Minero de Espana, Madrid 


Summary 


A series of experiments to determine the Curie point in nickel by measurements of 
the absolute intensity of the spectra has been made. 

To begin with, nickel, pure except for 0-05°% of cobalt was taken, and the 
spark spectra recorded with a Hilger large dispersion spectrograph. The Feussner 
type controlled spark was found better than other circuits. 

The spark spectra were studied while the samples were contained in a specially 
constructed furnace, which has been described to the 13th Congress of the G.A.M.LS., 
varying the temperature in steps of 10°C with a temperature control accurate 
to 2°C, 

The densities of various spectral lines were plotted against temperatures, and 
they all were found to give similar curves, for example, a typical line in the range 
of 250° to 410°C was shown. This revealed a density maximum at 300° and a 


minimum at 360° which suggest first a change in the nickel and then a magnetic 
transformation which occurs at 358°C. At the latter temperature there are 
anomalies in the coefficients of expansion and specific heat curves of nickel. 
Other spark circuits and other wavelengths are being studied to learn more about 
this type of change. 
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Spectrographic analysis of complex oxides 
with particular reference to slags and ores 


W. J. Price 


Magnesium Elektron Limited, Clifton Junction, Manchester. 


Work carried out in 


Spectrographic Laboratory of the British Cast Iron Research Association 


Summary—A method for spectrographic analysis of slags, ores, refractories and other simple or complex 
oxides is given, which possesses the following advantages: 


(1) It is much faster and at least as reliable as the chemical method for the same analysis. 
(2) The estimations are not influenced by the chemical nature of the samples. 

(3) Only easily obtainable apparatus is required 

(4) It is easily calibrated and is independent of chemically analysed standard samples. 


The principle is that known weights of the material to be analysed and cobalt oxide as added internal 
standard are fused in borax. The resulting solution is quenched, crushed, mixed with graphite and 
briquetted. The arc spectrum is obtained by means of a controlled D.C. are source. A result with a 
standard deviation of less than 3°, content is obtained by taking the average result of five replicate 
spectra, and the total time involved (including 20 minutes for sampling) is about 105 minutes. By 
taking triplicate spectra, thereby obtaining an accuracy of about 4%, this time can be cut to less than 
90 minutes. 

A single comprehensive standardization for all these materials can be carried out by means of 
synthetic mixtures of pure oxides or other suitable compounds. 

Working details of the procedure and standardization are given in full, together with line-pairs 
found suitable for various ranges of lime, silica, alumina, magnesia, manganese oxide and total iron. 
A number of results obtained for various materials are quoted and discussed. 


Introduction 


The development of a general spectrographic method for the analysis of complex 
oxides was undertaken when it was desired to evolve a rapid method for the 
complete analysis of iron-making slags. The problem here was not merely one 
of slag control but involved the analysis of all types of slags likely to be met 
with in a research programme on slag-metal reactions, and a feature of the 
compositions of such slags was the very wide concentration ranges of their major 
constituents. 

A procedure evolved as a solution to this problem has now been given [1], 
and it is to be shown here how this may be used as the basis for a general spectro- 
graphic method for the analysis of complex oxide materials. 

In addition to reviewing and discussing a large amount of published material 
relating to this subject, the report already referred to [1] described the experi- 
ments carried out with the object of evolving a method of analysis which would 
be free from what may be termed the “‘inter-elemental” effect (i.e. the variation 
in response of a constant amount of one element in the presence of different 
amounts of a second element) and free also from response variations due to the 
chemical nature of the sample. 

The main conclusions to be drawn from that work were: 

(i) In order to obtain a general proportional spectral response (and either 
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elimination or swamping of the two interfering effects just described) the material 
to be analysed must be fused in a comparatively large amount of some suitable 
reagent. 

(ii) The sample preparation technique giving the most highly reproducible 
excitation is that whereby the prepared powder is mixed with graphite and 
formed into suitably sized pellets. 

A principle promising successful analysis of all types of slag was therefore 
established, and this is summarized as follows: 

Known weights of the material to be analysed, together with cobalt oxide as 
internal standard, are fused in a large known excess of borax, and quenched. The 
resulting solid solution is crushed, mixed with graphite and briquetted. The arc 
spectrum is obtained by means of a controlled D.C. are source. 

The procedure may perhaps be described as a reduction of the major con- 
stituents of the slag to impurities in a sample of borax, and this is the principle 
which must be followed in order to obtain a general proportional spectral response. 

Subsequent work has revealed that this principle is applicable to all types of 
material composed of simple or complex oxides, and the possibilities of such a 
method are considerable. For example, the same spectral response is given by 
the same constituent in, say, slags, ores, refractories, minerals, simple oxide 
mixtures, and indeed any substance that can be described as a simple or complex 
oxide; it means, therefore, that a single calibration curve can be used for the 
same range of a given constituent in each of these substances; it means, moreover, 
that synthetic mixtures of pure oxides may be made up and used as standards, 
thus by-passing the chemical analysis of samples to be used as standards and all 
the uncertainties attendant on the chemical analysis of such materials. 


Working Details 
The scheme adopted for the analysis of complex oxides will now be apparent 
but is summarized for the sake of clarity: 


Standardization Analysis 


Preparation of synthetic oxide Sampling for spectrographic 
mixtures or standard materials analysis 


Ist Step 


2nd Step Preparation of mixture for pelleting and arcing 


Preparation of working curves Obtaining results from spectra 


from spectra 


3rd Step 


These steps will be discussed separately. 


1. Preparation of Synthetic Standards and Sampling for Spectrographic Analysis 


In standardization, advantage is taken of the universal applicability of the method by making up 
synthetic standard mixtufes from pure oxides or other suitable materials. A series of standards con- 
taining suitable ranges of all the constituents to be estimated is conceived. This is not as difficult as 
might appear. In the first place it is not necessary that the nominal sum of contents of the constituents 
of any one standard be 100%, since in the final arcing mixture it is only upon the ratio of the concen- 
trations of constituent and internal standard that the position of the working curve depends. Secondly, 


27 


we 
5 


W. J. Price 


one mixture oan do the duty of two or more by taking, in addition to the weight normally recommended, 
other multiples of this weight. Further, the materials actually used for the preparation of standard 
oxide mixtures need not necessarily be the constituents themselves, but may be compounds which when 
fused with borax will give rise to the correct proportion of the oxide, relative to cobalt oxide. 

If any of these expedients are employed in the making-up of standards, a factor w must be introduced, 
where 


actual total weight of mixture of compounds used 


“ = theoretical total weight of corresponding oxides equivalent to 100% standard. 


After admixture of the components, the powder should be thoroughly mixed in an agate mortar 
or in a ball mill in order to ensure perfect homogeneity of the small samples taken for fusion. 

If it is desired to standardize using chemically analysed samples, and to dispense with spectrographic 
standardization, the standard samples are treated in exactly the same way as normal samples for analysis. 
However, this is not recommended unless very reliable chemical figures are available. 

The first step in the analysis of oxide materials is sampling, and the same principles naturally apply 
as in sampling for chemical analysis. However, the procedure must be even more carefully and rigorously 
carried out since the final representative sample is necessarily much smaller. Further general remarks 
on sampling are given by Reap [2] in a statistical survey, and particular remarks may be found in any 
good text book on the chemical analysis of minerals and ores, etc. 


2. Preparation and Arcing of Pellets 


The next step, both in standardization and the analysis of samples is the preparation of the pellets 
and their subsequent arcing. 

The weights of sample, cobalt oxide and borax which have been found satisfactory are given in the 
following table: 


Table 1 


Mizture for Fusion 
Material to be analysed ‘ 0-050 g. 
(or, alternatively, 
synthetic standard 0-050 g. x w) 
Cobalt oxide ‘ 0-200 g. 
Borax crystals (AnalaR) 50g. 
Pelleting Mizture 
Pure graphite (J.M.4B powder) . , 3 g. 
The material to be analysed and the cobalt oxide are very accurately weighed out—since the final 
result depends directly on the ratio of these two weights—and added to the borax in a platinum crucible. 
This is strongly heated, either over the Mékér flame or in a small electric muffle for about ten minutes 


SECTION 
A 


SCREW 
Fig. 2. Diagram of pellet-holder 


with frequent swirling. The bottom of the crucible is then dipped into cold water until the contents are 
almost coli. The resulting solid solution may now be gently tapped from the crucible. This blue glass- 
like material is crushed—preferably in a hardened steel mortar—until sufficient passes a 150 mesh sieve 
to make up the pelleting mixture. 
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One gram of this powder is now mixed with two grams of graphite powder (powdered J.M. 4B 
electrodes have been found to be sufficiently pure) and very thoroughly mixed by shaking or by means 
of a small ball-mill. Shaking should be continued for about five minutes. 

Quantities of approximately half a gram of this powder are then formed into quarter-inch diameter 
pellets under a pressure of about 70001b. An ordinary metallurgical specimen mounting press may 
be used for this purpose. It is recommended that five pellets be made for each determination, and 
these should be made up and arced as soon as possible after the fusion since any absorbed moisture 
is detrimental to smooth arcing. Fig. 1 shows the accessories used in these operations. 

For arcing, the pellets are held in a simply constructed spring-loaded pellet-holder which may be 
attached to the arc-spark stand (see Figs. 2 and 3). 

The large quartz spectrograph has been used exclusively, but it is probable that a medium dispersion 
spectrograph would also prove satisfactory. The other operating conditions are shown in Table 2. 


Table 2 


Spectrograph: Hilger, large 


Waveband: 2450-3500 A 

Slit: 0-015 mm (fixed) 

Source-slit distance: 38 cm 

Filter (useful, but not essential): 2-step 40% and 100% transmission 
Are-gap: 3mm with sample as positive 


electrode, graphite negative 
counter electrode 


Source: Controlled D.C. are (see Fig. 4) 
Exposure: 60 sec, no pre-burn 
Plate: Kodak B.10, Developer D.19b 


The source unit which has given the best spectral sensitivity, and indeed the best reproducibility, 
is the controlled direct current arc. This is a modification of PFreILsTICKER’s arc circuit [3] and the 
diagram is shown in Fig. 4. 


Controlled are circuit "7 
High Voltag Circuit | 
T, Transformer 230/12 kV C, 
7 


C, Capacitor 0-003 mfd 
s.I. Synchronous interrupter 100 sparks sec 
T, H.F. transformer AC. | h 


No added inductance 


H.F. produced: 750 ke 
D.C. Power Circuit 
D.C. Nominal voltage 250 V 
R, 0 ohms {sample (+) 


R, 2500 ohms G < electrode (—) 
€, 0-001 mfd Lare-gap (3 mm) ac 
Cs 100 mfd 

L,, L, H.F. Blocking chokes 
Amperage in D.C. circuit: 2-0 amp kh; Le 


Fig. 4. 


Circuit diagram and details 


A sixty-second exposure with this circuit is given, with the D.C. current adjusted to 2 amperes. ‘ 


Tests have shown that the standard deviation of the spectra obtained is equivalent to about 6%, 
of the content for a single determination. If five determinations are made for each sample—which 
involves only a very small amount of extra time in pelleting and arcing—this figure is reduced to 
less than 3°,. 


3. Interpretation of Spectra 


The final step in the standardization is, of course, the preparation of working 
curves. The ratio of the weights of the material to be analyzed and the internal 
standard has been chosen to give index values for the most suitable line-pairs 
available in the range of concentrations normally met with in iron- and steel- 
making slags and iron ores. 

A list of line-pairs is given in Table 3. The ranges quoted are those used for 
these line-pairs under the conditions stated. Other pairs are available, and also, 
the ranges of those quoted may be extended in either direction by adjusting the 
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exposure time, either by using a neutral two-step filter, or by employing a different 
ratio of material to be analysed and internal standard. In connexion with this 
last point, it follows from what has already been said in the section on standardiza- 
tion, that if a different proportion of material to be analysed is used for any reason, 
then the same working graphs may be used and the final results adjusted pro- 
portionally, 


Table 3. Line-pairs for spectrographic analysis of complex oxides. 


Constituent Line-pair Range 


SiO, Si 2516-1 Co 2521-4 3-30% 
Si 2519-2 Co 2521-4 10-70°,, 
Si 2514-3 Co 2511-0* 15-100% 


CaO Ca 3006-9 Co 2989-6 20-70%, 
Ca 31793 Co 3147°1 1-20% 


Al,O, Al 3082-2 Co 3086-8 1-15° 
Al 2568-0 Co 2567-3 3 


MgO Mg 2776-7 Co 2764-5 


Mg 2779-8 Co 2764:: 


te to 
oe 


Total iron as Fe 2488-1 Co 2506-5 3-30°,, 

Fe, FeO 
or Fe,O, | Fe 2483-3 Co 2506-5 | <1-15% 
\Fe 3059-1 Co 3086-8 30-100°,, 


Mn 2576-1 Co 25673 


* Fe over 20%, may interfere with Co 2511-0 


MnO 


Some of the standardization graphs obtained are shown in the following 
figures: 
Figs. 5, 6, 7 are working graphs drawn originally for estimation of constituents of slags. 


Both synthetic and chemically analysed samples are plotted. 


Figs. 8, 9 are working nomographs drawn originally for ores. It is particularly interesting to 
note that the chemical figures plotted for the iron content are in such good agreement 
with the figures of the synthetic standards. 


Fig 


10 is a comprehensive standardization for silica in oxide materials from about 3°, to 
, and points obtained from synthetic oxide mixtures, a natural ore, a slag, and 
refractory material are plotted. Extra points are obtained by doubling the concentrations 
of two of these standards in the sparking mixture—e.g. the points at 16°, and 32°, are 
obtained from the same standard slag, while those at 23-5°, and 47°, are obtained from 

the sare synthetic oxide mixture. 

In the early stages of the work (e.g. the “slag” graphs illustrated) the graphs 
were single line-pair plots between log. of microphotometer deflexion ratio and 
log. of concentration. One or two standards were put on with each batch of 
samples in order to confirm or adjust the position of the lines. However, the index 
values have been found to be virtually constant, not only from plate to plate, 
but, as was expected when the method was evolved, from material to material. 
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Fig. 1. Accessories used in handling powder 


Fig. 3. Experimental assembly showing pellet-holder attached to arc/spark stand 
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Fig. 5. Working graph for iron oxide 
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Fig. 6. Working graph for lime 
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Fig. 7. Working graph for silica 
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Fig. 8. Total iron calibration 
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Fig. 9. Alumina calibration 
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Fig. 10. Silica in oxide materials 


It is therefore possible to use the two-line-pair nomographic method of evaluation 
[4] which automatically corrects for changes of plate gamma. This method is 
now in use and gives perfectly satisfactory results. 

The time taken for one person to perform the operations described upon 


receipt of the crude material for analysis is less than two hours, and this is made 
up as follows: 
5 replicates 3 replicates 


Sampling . 20 mins 20 mins 
Weighing and fusing . 15 mins 15 mins 
Crushing of the borax fusion . . 5 mins 3 mins 
Mixing with graphite and shaking . ; . 10 mins 6 mins 
Pressing pellets and arcing. . 15 mins 9 mins 
Plate processing and drying. 10 mins 10 mins 
Plate reading and calculating (for 6 line pairs on 

each spectrum) . 30 mins 18 mins 


105 mins 81 mins 


Discussion of results 


There are now to hand a number of results on various types of material, and 
some typical figures will be quoted for which reliable chemical figures are available 
for comparison. 

The first experiments were carried out on steel-making slags, and a series of 
spectrographic determinations on open hearth slags, together with their works 
laboratory analyses, is given in Table 4. 
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Table 4 


B.53 
Chem. 


A 


49-18 
8-76 
0-85 
7-36 
5-43 

20-00 


& 
to te S to 


~ 


92-32 | 90-3 | 93-44] 88-8 | 91-58 


These totals are less than 100%, since some constituents, P,O,, TiO,, V,O,, SO;, etc., are not quoted here. 


There is little doubt that the figures quoted here for lime, silica, magnesia and 
iron oxide are acceptable. A large discrepancy has frequently existed between 
spectrographic and chemical results for alumina, amounting to twice or even seven 
times the chemical figure. This has invariably been an error in the chemical 
determination, due to the procedure whereby alumina is estimated by difference. 
When alumina is determined directly, e.g. by precipitation with 8-hydroxyquinoline, 
the agreement has been good. 

A further table (Table 5) shows an almost equally good agreement for cupola 
slags. That there are divergences must be admitted, but these are all small, and 
for normal work unimportant; they are as likely to be due to the chemical 
as to the spectrographic figure, since slags which do not dissolve readily in acids 
present more analytical difficulties. In the cases of both of these sets of results, 
more than one plate was used, and a standard was also put on to check the position 
of the working graphs. 


Table 5 


Ch.13 Ch.21 42205 


Chem. | Spee. Chem. 


. | Spec. 


| 
47-7 | 46:3 
39-0 | 41-5 
12) 
09) 10 
4) 18 


low 


99-2 | 100-2 | 104-7 


A set of results obtained for iron ores is quoted in Table 6. The figures were 
obtained on three different plates, and were all evaluated from the same nomo- 
graph—the iron and alumina nomographs which are shown in Figs. 8 and 9. 
The origins and types included differ vastly from ore to ore, some being hematite, 
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gic: Chem.| Spec. |Chem.| HE. | pec. |Chem.| Spec. |Chem.| Spec. |Chem. | Spec. 
CaO | 52-2 | 51-9 | 52-56 50-1 | 48-4 | 47-9 | 46-00] 48-9 | 50-35 | 47-2 
SiO, | 144 | 14-8 | 12-88 | 93 | 80 | 85 | 808] 82 129-0 | 28-8 
Al,O, | 2-0 20 | 1:36 | 08 | 12] 106] 09 | 695] 6-4 
MgO | 7-69 70 | 7:03] 56 | 820] 9-5 | 11-32] 11-0 
MnO | 535| 44 | 7:55 46 601) 60] 5-72) 45 
FeO | 122 | 112 | 19-7 | 18-8 | 17-3 | 24-30] 24-7 
6 
1953/ 
Ch.5 = 45359 45577 
‘ = Chem. | Spec. Spec. |Chem Chem. | Spec. |Chem. | Spec. 
a SiO, | 29-0 | 28-0 56-9 | 57-2] 70-2 | 66-8 | 52-3 | 55-7 | 51-7] 58-8 
a CaO | 50-4 | 50-2 17-4 | 17-4] 120 | 13-0 | 21-6 | 20-2 | 17-8] 19-5 
Al,O,| 70] 66 10-7 | 81] 61] 7-2] 186] 157 | 126] 102 
FeO | 15] 13 32] 47] 86] 93] 31] 20] 40] 24 
MnO | 052) 0-4 16] 16] 24] 30] 30] 26] 37] 28 
MgO | 11-3 | 12:7 | low | 97 | 11-0] low | low 12 107] 11-0 
| | 
Pat 99:72 | | 99-5 | 100-0 | 99-3 | 99-3 | 99-8 | 98-1 | 1005 | 104-7 | 
= 
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some carbonate ores, and two (Brazilian and Ouenza) are sintered. The good 
agreement between spectrographic and chemical iron figures is worth noting. 
The iron line used for this range (Fe 3059) is particularly sharp and well defined, 
and also, from the chemist’s point of view, the determination is important, yet 
fairly simple to carry out. 


Table 6. Ore Analysis 


Fe CaO 


Chem. | Spec. | Chem. | Spec. | Cher 


Berkeley Greenstone: 22:3 20-0 


French: 
Mai-sur-Orne 44-6 2-30 
Halouse 48-3 3-2 


Swedish: 
Kiruna . 63-7 0-90 


North African: 
Rif 62-0 


English: 
Prior’s Hall 33-0 
Tilton 26-0 
Buckminster 42-4 
Market Overton 39-3 
Mixed ore 34-4 


Sintered ores: 
Brazilian 68-6 . 2-4 
Ouenza 52-7 52-0 4°5 


Results for some refractories are shown in Table 


Firebrick “A” 62-1 616 28-1 
Firebrick “B” 498 | 47°83 | 42-9 
Chilling Agent 51-8* | 56-6 


* “Single” chemical analysis. 


Statistical Discussion 


The standard deviation of the total of spectrographically estimated constituents from the true total 
was estimated in two ways. First, from the totals actually obtained on a number of slags: 


— 
o, = = 2-7% 
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Ore Al,O, SiO, 
| spec. Chem. | Spec. 
| 15°8 13-5 
| 
53/5 11-1 9-4 7-2 6-4 
18-4 18-6 7-5 5-9 10-0 10-3 
1-4 1-6 8-1 8-1 10-6 11-4 
1-3 1-4 18-7 15-7 
9-0 8-8 6-4 5-0 9-2 | 9-2 
1-50 | 1-52 
4-9 53 
| 
Table 7 
SiO, Al,O, Fe,O, MgO 
| Chem. Spec. | Chem. Spec. | Chem. | Spec. | Chem. | Spec. 
| 28-7 83 | 81 
| 40-5 42 | 58 | 
| 4-2 | 3-8 | 29-2 29-8 
| 
|| 
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where 7, is the spectrographic total and 7 the true total (i.e. 100%, less the total of constituents not 

determined spectrographically). Secondly, from the statistical sum of the standard deviations of the 

individual constituents: the standard deviation about the mean for thirty determinations of any 
65% . 

constituent is 6-5%,, so that the expected error of a reported result is by 3°, (mean of five replicate 


determinations) and the standard error of the sum of the constituents is: 


a 
o,*...)t joo ‘4 B I ) 


where c,, is the standard deviation for the reported results (3%) and A, B,C, D, .. . are the concentra- 
tions of the constituents going to make up the total. The value of a, came to about 1-9°, depending, 


of course, on the composition 

The essential differencé between these two methods of calculating o, is that in the first case, syste- 
matic errors in standardization and technique are included, whereas in the second case they are not. 
The close agreement between the two figures—2-7°%, and 1-9°,,—suggests that the results are relatively 
free from systematic errors 

A measure of the precision of which the method is capable is shown by the standard deviation between 
the actual spectrographic figures and the actual chemical figures for iron in iron ores given in Table 6. 
Expressed as a percentage of content this is 3-57°%, and this represents the variance between the two 
completely different and independent methods of analysis. This particular estimation is chosen because 
chemically it can be carried out with a high degree of accuracy. 


Applications 


A method for the analysis of complex oxides such as that described should find 
a ready application, primarily, in all circumstances where a complete analysis 
is required and the chemical method is considered to be too slow. 

The complete analysis of slags for research purposes (the original object of 
the development of the method) is now carried out at the rate of seven slags in 
two days (for a single operator), instead of seven or more working days by the 
chemical method (and this for single determinations). 

For foundry control, the method can be speeded up with the sacrifice of some 
accuracy by taking, say, three replicate spectra instead of five, and in this way 
six constituents could be estimated on a single slag in less than 90 minutes, with 
an accuracy of about 4% of the content. 

An interesting application has been in the analysis of very small pieces of 
slag, such as are sometimes found on the surface of castings. An analysis can 
rapidly determine the origin—e.g. the furnace or the ladle—but in such cases 
chemical analysis is impracticable, because of the small amount of sample available. 

Such a method may be of use in the rapid prospecting of ores. A prospector 
can stay in a vicinity until the analysis of a sample of the ore is made known 
to him, and obtain further samples if the composition is suitable. 

It is also probable that applications may be found in the field of ceramics. 
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DiscUSsION ON THE Papers BY Lopez De Azcona anp W. J. Price 


Pror. SerTH (Miinster) asked whether the vapour pressure of the nickel varied in line with any of the 
other quantities plotted, because if the vapour pressure of nickel were to change at the Curie point this 
might partially account for the change in the spectrum of the nickel at that temperature. Pror. FiscHeR 
(Vienna) pointed out that the vapour pressure of nickel at these temperatures would be too low to 
measure. The Chairman, M. Pomey, asked if tests of this kind had been made on alloys in the nickel-iron 
system, and the author replied that it was proposed to continue this work with nickel iron alloys. 

Mr. Barry (Lausanne) asked for more information about the preparation of the samples, and Mr. 
Price replied that this was similar to the preparation of slags for chemical analysis, but with additional 
care in the powdering and mixing stages. In reply to another question he stated that the pellets were 
about 6 mm long and 6 mm in diameter. 

Mr. Noar (Shell, Chester) said he would like some figures about the sensitivity of the method, but 
Mr. Price stated that since the method was worked out for analysing the major constituents of slags 
the questions of concentration below 1% did not arise. Dr. Kaiser asked what was the actual instan- 
taneous current in this type of discharge and what was its duration. Mr. Price said this had not been 
measured. 

M. Miche. ReNavtt (Paris) said that a pellet method for the analysis of slags had been published 
by M. Castro who used nickel as the metallic constituent. Mr. Price replied that an oxide is preferable 
to a metal as an internal standard in slag analysis for chemical and physical reasons; also that cobalt oxide 
is more soluble in borax than is nickel oxide. Dr. Barry (Lausanne) pointed out that M. Castro 
in his work using nickel found it unnecessary to carry out a preliminary fusion before introducing the 
mixed powders into the pellets, but Mr. Price said that because of the wide variety of sample materials 
with which he worked he preferred to make a preliminary fusion and then make the pellets from the 
synthetic slag containing the sample. Dr. Has Ler said that the point of difference in his method of 
slag analysis was that it avoided the necessity for such careful mixing of the sample and flux by using 
considerably larger slag samples (half gramme) and a flux based on lithium salts which after fusion made 
a glassy slag which could easily be powdered. Dr. Kaiser briefly described a pellet method in which the 
slags were mixed with the flux and then, without fusion, with an equal volume of freshly precipitated 
copper powder to form a pellet. The volume ratio was important, because the copper was present for its 
heat conductivity as well as an internal standard. An interrupted arc was used, and conditions were 
sought to give a uniform attack on the surface of the pellet whatever the original sample contained. 
This gave reasonable uniform structure. The copper powder was made by reducing CuO of 10y grain 
and was very ductile. The Chairman asked the speaker if he had any experience of using this method 
on materials containing chlorides or fluorides as well as oxides in the pellet. Mr. Price answered that 
the chlorides and fluorides would interfere with the volatilisation of the pellet, but that sulphates appeared 
to behave more like oxides and silicates. Mr. vAN SOMEREN said he had been using pellets for analysis 
for many years and felt there were two fundamentally different processes which could be classified 
as macro-fusion and micro-fusion methods. In Mr. Pricr’s method, the fusion was carried out before the 
pellet was made so as not to rely on the energy of the spectrographic light-source to initiate the chemistry 
of the fusion as well as excite the spectra. In his own method the powders were mixed with silver powder 
and an intermittent arc was used with conditions chosen so as to form as little visible slag on the surface 
of the pellets as possible. The three methods used by M. Castro, and Dr. Kaiser, and Mr. vaN SOMEREN 
all relied on the presence of a metallic powder with good heat conductivity to control the fusion of 
materials in the pellet so as to avoid excessive slagging. In conclusion, he asked Mr. Price what the 
pellets looked like after use. Mr. Price replied that there was no visible slag on the surface of his pellets 
after use, but sometimes a little frothing due to volatilisation of the borax. Dr. Kaiser emphasised that 
with copper powder a long series of experiments was necessary to produce pellets which all looked alike 
after being arced; the method was then quantitatively useful. Mr. AkcyLe (Birmingham) said that the 
variety of methods discussed this morning showed the need for more effort by spectroscopists to specify 
the type of source which they were using, not in terms of the resistance or inductance inserted in circuits 
of various types, but in terms of the actual duration of the discharges and instantaneous currents during 
the discharge, which could only be meawired by an oscilloscope. 

Dr. PFEILSTICKER (Stuttgart) made a contribution to the discussion, illustrating by slides a technique 
for getting samples into a source by means of an adherent film on the tip of each electrode. This film is 
composed of a polymerised condensate of glucose, glycocoll and urea, in a viscous aqueous solution, and 
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@ measured quantity of 0-02 or 0-008 ml is placed on the tip of a metal electrode 5 or 3 mm diameter 
which is then dried on a hot plate. The electrodes are of copper or aluminium or more rarely of carbon, 
and are then excited with a d.c. or a.c. interrupted arc; until the film is completely consumed; so the 
film may be considered a thin pellet which is all used in one exposure. The samples are introduced into 
the solution of the glucose-condensate, or if powdered they may be spread on the electrode tip and 
cemented in place by the adherent film; for some organic substances preliminary concentration by 
ashing is carried out and measured fractions of the solution are taken using a simple screw-operated 
micropipette. A standard comparison substance may be added, or a spectroscopic buffer before drying 
the film. 

It was asked why various electrode materials were used, and the author answered that different 
electrodes were suitable for the analysis of different elements; carbon was rarely successful unless a 
series arc was used as well as the arc source. 

Dr. vaAN CALKER (Miinster) asked if the method was applicable to all sorte of substances, and how 
much the main constituents affected the spectra of the elements sought. The author answered that it 
had been chiefly used for biological materials, where the main elements, sodium, calcium and potassium 
were usually present and acted as spectroscopic buffers, if absent they were added. 

Dr. Katser (Dortmund) asked if the adhesive used were sufficiently hygroscopic to make difficulties, 
the answer was that it could be kept dry for an hour or two in air, but afterwards could be re-dried. 
Sputtering losses due to moisture were not serious if the internal standard material was properly mixed 
with the sample, since they would be lost together. 
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Communication to the Third International Spectroscopy Colloquium, High Leigh, 1952 


L’analyse spectrochimique des laitiers 


Francesco 


Acciaierie e Ferriere Lombarde Falck Centro Ricerche e Controlli, Milano 


Summary—The most suitable conditions for analysis of slags with a medium dispersion spectrograph, a 
spark source, and an alternating current arc with high-frequency ignition, have been determined. The 
controlled spark and uncontrolled spark and the arc were compared on powdered samples, and on pellets 
made from the slag mixed with conducting materials such as graphite, copper oxide, bismuth, zinc and 
brass. The best results were obtained from the use of pellets made of brass filings and the sample, sub- 
jected to controlled spark discharges. In the evaluation of the spectra the mutual standard method was 
used for determining metal-oxide silica ratios, and the internal standard for metal oxide contents. The 
application of this mutual standard method is discussed. The paper covers only the determination of 
Si0,, CaO, MnO, FeO. 


Introduction 


Dans ces derniéres années plusieurs travaux ont été publiés sur le sujet du dosage 
des laitiers, des argiles, des minéraux, des réfractaires, et en général des produits 
minéraux et non métalliques par voie spectrochimique. 

Les méthodes appliquées par chaque chercheur sont en général assez analogues: 
la matiére est réduite en poudre et on lui ajoute des substances conductrices, 
lesquelles donnent a la masse une certaine conductibilité electrique; cette masse 
est enfin soumise a l’experience soit a |’état de poudre, soit a l’etat comprimée 
en briquettes. 


Premiére Partie 


Essais préliminaires 


Avant de s’arréter 4 un mode operatoire particulier on a essayé d’expliquer et de 
connaitre les inconvénients et les avantages des diverses modes de préparation 
des échantillons et des différentes conditions d’excitation. 


Ces essais préliminaires peuvent étre divisés en deux groupes: 
(a) Essais sur échantillons simplement pulvérisés. 
(b) Essais sur échantillons pulvérisés et comprimés en briquette. 


(a) Essais préliminaires sur échantillons pulvérisés 


Ces essais ont été effectués sur le laitier pulvérisé avec ou sans addition de graphite 
en poudre pour améliorer la conductibilité éléctrique. 

On a essayé les conditions d’excitation suivantes; arc a courant alternatif, 
étincelle du type Feussner et étincelle non controllée. 

L’are & courant alternatif a été obtenu avec l'appareil de PFEILSTICKER, soit 
continu soit interrompu. Le plus grand inconvénient observé avec cette con- 
dition d’excitation a été la différence considérable de noircissement des spectres 
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succesifs, due soit A l'instabilité de l’are (quelquefois l’arc subissait une augmenta- 
tion d'intensité allant jusqu’éa 50°), soit a la diminution de longueur des élec- 
trodes, malgré la dureté du graphite utilisé (National Special Carbon Spectroscopic 
Electrodes). 

L’écartement entre les électrodes, fixé &4 2 mm au début de l'essai, atteignait 
4 la fin 3-4 mm. On a depuis essayé |’étincelle du type Feussner, mais, comme on 
avait prévu, la poudre était rapidement projetée par |’étincelle. 

Ce mode opératoire est celui utilisé par MitBpourNn et Hart.ey [1] pour 
‘analyse spectrochimique quantitative des oxydes metalliques. On admet qu'il 
soit trop difficile de répéter chaque fois les conditions précédentes. 

Des inconvénients ont été aussi remarqués avec |’étincelle non controllée 
qui a été essayée avec la capacité de 6000 pF et successivement la self: zero, 
moyenne (0,08 mH) et maximum (0,8 mH). 

Dans ce mode opératoire on a remarqué, que—avec self zero—la poudre est 
projetée rapidement, avec self moyenne la poudre est encore projetée, mais en 
quantité moindre, et enfin avec self maximum la poudre n’est plus projetée. 
Des essais successifs avec self moyenne ont toutefois montré (et avec self maximum 
le phénoméne a été encore plus marquant), qu’avec des temps d’exposition 
élevés, les spectres sont faibles et constitués par un petit nombre de raies bien 
noires sur un fond trés faible. 

Pour un laitier de concentration moyenne, avec un spectre de 3’ seulement 
Ca et Mn présentaient des raies d’intensité suffisante pour la photométrie. 


(b) Essais préliminaires sur échantillons pulverisés et comprimés en briquette 


Au laitier pulverisé on a d’abord melangé du bismuth en poudre et du graphite 
également en poudre, tous les deux trés purs, et on les a comprimés & froid. 

Le graphite avait pour tache de fournir 4 la briquette une conductibilité 
éléctrique convenable, alors que le bismuth, devait servir 4 la fois a lier et a 
donner la conductibilité éléctrique mais en outre a remplir la fonction d’élément 
étalon interne. 

Toutefois, comme on manquait de graphite en poudre convenable (comme, par 
exemple, le type américain SP I), on a trouvé une certaine difficulté 4 obtenir une 
compacité convenable. Par conséquent, l’addition de graphite a été abandonnée. 

Les essais avec briquettes obtenues par l’addition de bismuth n’ont pas donné 
des résultats satisfaisants. Des essais répétés sur la méme briquette ont furni 
des rapports d’intensité toujours trés dispersés, soit en prenant comme référence 
une raie de bismuth, soit en prenant une raie du silicium. 

On pense que le bismuth est un élément peu convenable comme étalon interne 
& cause de sa tension de vapeur trop elevée a la température de 1|’étincelle. 
Ensuite on a employé le zinc pulverisé, mais dans ce cas, bien que dans une moindre 
mesure qu'avec le bismuth, on a constaté une dispersion élevée des résultats, ce 
qui a fait abandonner aussi |'usage de ce métal. On a enfin employé le cuivre en 
poudre et, comme ce métal est de préparation facile et qu’il fournit des résultats 
plus satisfaisants que les metaux précédents, c’est avec le cuivre que les essais 
ont été poursuivis. 
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L’analyse spectrochimique des laitiers 
Deuxiéme partie 


Laitiers examinés et mode opératoire 
Les laitiers examinés sont des laitiers obtenus au four éléctrique et au four Martin- 
Siemens. 

Les déterminations ont été limitées aux constituants: chaux, silice, oxyde de 
manganese, oxyde de fer total dans les intervalles approximatifs de concentrations 
variables suivantes: 

SiO, 3-30% 
CaO 25-70% 
MnO 

FeO 5-20%, 

Ces intervalles de concentration correspondent approximativement a ceux 
des travaux de Eecknovut [2] et de Castro-LovupDE [3]. 

Les concentrations des laitiers de composition connue, employés pour tracer 
les courbes d’étallonage, sont données dans le tableau 1. 


Tableau 1. Compositions chimiques des laitiers utilisés 


Marque Fe 
de CaO MnO FeOtotal Ca0 FeOtotal 
'échan- FeO | | equi- | 810, | S10, | 810, 
illon 
ti valent 
0-76 | 0-43 


1-90 


0-20 | 


0-47 


056 | 0-56 


0-74 0-81 


0-40 
0-79 


0-49 


3/5 
68 | 308 961 | 161 | 68 | 23 | $0 | 152 | 062 | 034, 
69 | 422 234 | | 30 | | | | 
44-8 | | 49) «199 | +39 | 150 | 
| “518 8-2 11-7 13-2 49 | 1430 | 213 
| 58-8 $4 10-5 | 12-2 67 183 | 173 310 | 537 
60-7 14-2 2-9 | 4-2 1-00 4-28 036 
92 44-7 10 15-0 4-6 19-2 | 406 | om | 
16 434 214 | 120 98 | 26 12-0 2.02 | 
| al 
an | 443 17-9 13-3 9-0 6-2 46 | 247 | 
18 42-0 24-1 14-1 7-6 2-3 ‘97 | 0-59 
— 
19 35-3 19-5 20-8 7-0 9-4 15-5 1-81 1-07 a | 
37-2 26-4 14-2 10-1 3-2 13-0 1-41 | 
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La préparation des échantillons a été faite de la fagon suivante: les échantillons 
ont été pulvérisés et passés au tamis n. 60 (Normalisation DIN 1171), débarrassés 
du fer métallique au moyen d’un aimant, et ensuite mélangés avec de la poudre 
de cuivre pur qui a été aussi passée au tamis n. 60, dans la proportion 1 : 1. 

Le mélange s'effectue par agitation pendant quelques minutes dans un petit 
vase en verre fermé contenant quelques billes de verre. 

Une quantité de 4 g est introduite dans une presse & main et, en comprimant a 
environ 20 Kg/mm*, on obtient une briquette de 12 mm de diamétre et environ 
de 8 mm de hauteur. 

D’aprés les résultats des essais préliminaires, on a choisi pour |’excitation 
l’étincelle du type Feussner. 

Cette excitation, selon Gitiis et Eecknovurt, d’ailleurs, est celle qui donne 
la meilleure reproductibilité des résultats et qui réduit au minimum l’influence 
des rapports des différents constituants, en particulier de la chaux, sur l’intensité 


; 


relative des raies de chaque élément. 
7 Le mode opératoire est indiqué dans le tableau 2. Les temps d’étincelage 
az préalable ont été déterminés d’aprés |'étude des courbes de brilage. 


Tableau 2 


Zeiss “Qu 24” 


Spectrograph 


Fente 0-02 mm 
I mage interme diaire pour 2900 A 
Diaphragme intermédiaire 5 = 15mm 


Générateur = Générateur d’étincelle Feussner Heraeus Mod 11 

Capacite 6000 

Self 0-8 mH 

Electrodes Inférieure briquette de laitier avec addition de cuivre. 
Supérieure Baguette de graphite pure (National Special) 
¢ 5 mm taillée en pointe A angle de 60 

Etincelage préalable 15” 


m ps r position 10° 
Plaques = Ilford Thin Film Half Tone 
Photométre Zeiss Spektrallin ien photometer 


Exploitation des spectres 


L'exploitation des spectres a été exécutée avec un photométre a raies spectrales Zeiss. La plaque était 
ealibree avec la méthode de raies homologues d'étincelle; pour cela, sur chaque plaque on enregistrait 
le spectre d'un échantillon de fer pur excité avec étincelle non controllée (L = 0C = 6000 nuF, com- 
mutateur sur la position “absorption’’) 

Les ¢longations de chaque raie d intensité connue, mesurées au photométre, étaient transformées en 
ntensites relatives au moyen de la courbe de calibrage, qui était tracée dans le systéme d'axes ‘‘élonga- 
tions-intensites relatives,” au lieu du systéme “‘opacités-intensités relatives.” 

Pour éliminer toutes possibilités d'erreurs dues aux variations du fond non impressioné de la plaque, 
aux vanations de l intensité lumineuse de la lampe du microphotométre etc., on corrigeait de temps a 
autre la sensifilite du galvanométre, de facon que la deviation pour une partie de la plaque non im- 
pressione soit rigoureusement egale & 500. Les raies employées pour la photométrie ont été les suivantes: 


Ca 3181-3 Cu 3194-1 
Mn 2933-1 Cu 2961-2 
Si 2881-6 Cu 2824-4 
Fe 2966-9 Cu 2961-2 
Fe 2388-6 Cu 2356-6 
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Examen critique de la méthode standard mutuelle 


Les courbes d’étallonage ont d’abord été tracées pour les rapports MO/SiO,, c’est & dire selon la méthode 
du standard mutuelle. Les résultats ont été toutefois trés peu satisfaisants, parce que les points repré- 
sentatifs de chaque étalon se répartissaient d'une facon irreguliére, de sorte qu’il n’était possible de 
tracer ni une ligne droite ni une courbe. Ce résultat est toutefois en accord avec ceux de GILLIs-EECKHOUT 
[4] [5] et ceux de Castro-Loupe [3]. 

Castro-Lovupe, en travaillant en arc au lieu d’en étincelle, ont trouvé que la dispersion des points 
etait due essentiellement a l'action perturbatrice de la chaux en concentration variable. 

En changeant par conséquent la concentration de la chaux dans les étalons synthétiques frittés, ils 
ont tracé des courbes de correction en fonction de cette concentration. 
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Fig. 1. Courbes d’etallonage pour le rapport CaO/SiO, (Ca 3181-28-SiO, 2881-59) 


La méthode suivie dans cet étude a été au contraire différente, parce que on a voulu examiner les 
limites d’application de la méthode standard mutuelle. 
Cette méthode, comme la méthode standard interne, est fondée sur |'expression: 


I KC" 


I inténsité de la raie examinée 
K constante 
concentration de |'élément 
n facteur d’émission 
On suppose que cette expression est valable pour un intervalle suffisamment étroit de la concentration 


de élément examiné. 
Dans la méthode du standard interne, en indiquant avec la marque 1 e 2 respectivement l'élément 
de base et élément ajouté, on peut écrire: 


(A) 


| | | 
| 
| 
71, 
+—+ 4 
9 /C S + + 6 
é 
+ t+ 19 
20 | 
19+ + 
4 90 
= 
203 
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¥ | 
+ + +> +++ > 4-4-4 
67 
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et, puisque en général C, peut étre considéré comme constant: 
_ oy K, 

(B) T, avec K 
c'est-a-dire le logarithme du rapport des intensités est une fonction linéaire de la concentration de 
élément 2, et de coefficient angulaire Ns. 

Naturellement cela vaut dans le cas ou l'on considére des intervalles étroits de concentration pour 
les quels on peut considerer n, et n, comme constants. Dans le cas de la méthode du standard routuelle, 
nC, ni C, sont constants et selon |'expression (B) on peut écrire indifféremment: 
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Courbes d'étallonage pour CaO et SiO,. 


ou bien, en passant aux logarithmes: 


n, lo - (n, — n,) logC, + log — 
2 1 2 1 
1 


n,) log C, + log 
1 


Ces deux relations montrent que le logarithme du rapport des intensités n'est pas une fonction 
linéaire du rapport des concentrations, sauf si nm, = m, ou bien si une des deux concentrations C, et C, 
est constante. 
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Vérification des expressions précédentes 
Pour controller analytiquement ces résultats, on a commencé par examiner le rapport CaO/SiO, en 
traceant soit la courbe d’étallonage log (/¢a//si) en fonction du rapport CaO/SiO,, soit les courbes 
d'étallonage 


Ica 


Icu 


log 


en fonction de CaO et log 7 en fonction de SiO, 
Cu 


pour kes raies précédemment indiquées. 

Si on observe les deux droites d'étallonage log (Ic¢a/Jcu)/CaO et log (Jsi/Jcu)/SiO,, on voit que 
leurs coefficients angulaires qui, comme il a été dit auparavant, représentent respectivement les facteurs 
d’émission de la raie Ca 3181-3 et de la raie Si 2881-6, sont trés différents et plus précisément sont egaux 
& nCa = 2-515 et ngj = 0-689 (cette derniére valeur a été calculée pour tous les points, exceptés ceux 
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Fig. 3. Courbes d’étallonage pour FeO. 


relatifs aux échantillons 71 et 72, pour la raison qui sera expliquée & dessous). Ces valeurs ont été 
calculées en appliquant aux points expérimentaux la méthode des moindres carrés. Toutes les droites 
d’étallonage ont été tracées dans la suite en appliquant cette méthode. 
Les expressions précédantes peuvent étre écrites dans la forme suivante: 
Cc 
(E’) log — (n, — n,) log C, = n, log + log 
1 1 1 


Cc 
n, log a + log : 
1 


I 
(F’) log — (n, — n,) log C, 
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et on peut les interpréter en disant que, lorsque on apporte au logarithme /,/J, respectivement la cor- 
rection (n, — n,) log C,, ou (ny — n,) log Cy, log (C,/C,) est représenté par une ligne droite de coefficient 
angulaire n, ou n,. 
Dans la figure 1 on a porté les points de la courbe Jca/Jsi en fonction de CaO/SiO,. 
Comme on voit, il est impossible de tracer une ligne droite d’étallonage; on peut cependant tracer 
une courbe d’étallonage qui passerait suffisamment bien par tous les points, excepté un seul. 
Dans la méme figure on a tracé les graphiques 
— (nm, — n,) log (SiO,) en fonction de 
2 


(ny — n,) log (CaO) en fonction de 


FeO 


+ 


| 
| 


FeO — 
0, 


= 
& 


Fe0/Si0, 


Fig. 4. Courbes d’étallonage pour le se rapport FeO/SiO,. 


Dans le premier graphique les points sont suffisamment bien alignés et i] est possible de tracer avec 
sécurité une droite, dont le coefficient angulaire vant 2-625, pratiquement egal a n,. 

Dans le deuxiéme graphique les points ne s’écartent pas beaucoup de la droite, et il est possible 
tracer celle-ci avec un coefficient angulaire qui a été trouvé egal a 0-785. 

En ce qui concerne le derniere graphique, on peut observer que la courbe Jca/Jsj en fonction de 
CaO/SiO,, bien qu'elle soit assez éloignée d'une ligne droite, est toutefois traceable en laissant un seul 
point en dehors. Cette allure assez reguliére est due au fait que, dans les étalons employés, aux rapports 
CaO/SiO, décroissants correspondent de concentrations de CaO peu a peu décroissantes et, en méme 
temps des concentrations de SiO, peu & peu croissantes. 

Seuls les échantillons 90 et 19 font exception a cette régle, mais c'est précisément |l'échantillon 90 
qui, pendant qu’il s’éloigne remarquablement de la courbe /¢a//sj en fonction de CaO/SiO,, ne s’écarte 
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plus aprés qu'on a apporté les corrections dues aux variations des concentrations de CaO et SiO,. Les 
courbes correspondantes deviennent alors rectilignes. 

Ces résultats, par conséquent, paraissent confirmer l’exactitude des expressions (E’) et (F’). 

Une confirmation bien plus significative est donnée par l’allure de la courbe relative au rapport 
MnO/SiO,, dont on parlera dans la suite qui necessitera d’apporter une autre correction aux intensités 
relatives 

En ce qui concerne la courbe relative au rapport FeO/SiO,, on remarque que pour la raie Fe 2966-9 il 
n’est pas nécessaire apporter les corrections précédent, parce que la pente de la droite d’étallonage 
Fe 2966-9/Cu 2961-6 est presque identique a celle de la droite Si 2881-6/Cu 2824-4. 

La correction a été au contraire apportée pour la raie Fe 2388-6 (pente de la droite Fe 2388-6/Cu 2356-6 
égal & 0-909) mais sans obtenir de remarquables avantages (fig. 4). 

Courbe d’étallonage SiO,/Cu—Suffisamment réguliére; les points relatifs aux faibles concentrations 
de SiO, s’écartent de la ligne droite tracée avec les autres points. En introduisant une correction due au 


fond de la plaque, l’anomalie n'est pas éliminée (fig. 2). 
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Fig. 5. Courbe d’étallonage pour MnO et courbe de correction d’l'effet de la concentration de CaO. 


Courbe d’étallonage CaO /Cu—Comme on observé ci dessus, cette courbe présente une inclinaison 
trés accentuée (fig. 2). 

Courbe d’étallonage FeO/Cu—Cette courbe est suffisamment reguliére, soit pour la couple Fe 2966-9 
et Cu 2961-2, soit la couple Fe 2388-6 et Cu 2356-6; il semble toutefois que la premiére est preferable 
fig. 3). 
“Guaste d’étallonage MnO/Cu—Les points représentatifs des différents étalons se répartissent d'une 
facon trés incohérente sur la graphique. I) a été toutefois possible repérer la cause de cette dispersion 
dans |'influence des variations de la concentration de la chaux sur le coefficient d’émission. 

Dans la fig. 5 on a tracé la courbe de correction pour les intensités relatives en fonction des concen- 
trations de CaO. Cette correction, qui a été indiquée par Kyp©4, a été obtenue en tracant la courbe 
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d’étallonage pour la concentration de CaO de 44% et en lisant enfin sur le graphique pour chaque étalon 
les écarts entre l'intensité relative sur la ligne droite d’étallonage (c’est-a-dire celle que |’étalon aurai 
eu si la concentration en CaO avait été de 44%) et l’intensité relative effectivement mesurée. 

Pour tracer avec sécurité la ligne droite corréspondante & la concentration de CaO de 44%, les 
corrections ont été caleulées pour differentes pentes de la droite (de 40° & 48°) et on a choisi celle pour 
laquelle la dispersion totale devenait minimum. 

Dans la méme fig. 5 on @ tracé la droite d’étallonage pour MnO avec les inténsités relatives corrigées 
pour CaO = 44%. Quoique il y ait quelques échantillons, qui montrent encore des écarts, on considere 
qu'il est maintenant suffisamment aisé de tracer la courbe d’étallonage. 
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Fig. 6. Courbes d’étallonage pour le rapport MnO/SiO, (Mn 2933-06-Si 2881-59) 


Ces résultats, confirment la nécessité d’apporter une correction relative & la concentration de la 
chaux. Ils sont en accord avec ceux de Castro-LoupDE, qui toutefois ont déterminé les corrections pour 
les rapports J/Jsi. 

Selon Griuis et EecKHovut, en travaillant avec des conditions d’excitation convenables, et en parti- 
culier avec |'étincelle du type Feussner, |'influence d'un constituant sur le coefficient d’émission des 
autres devient pratiquement négligeable. 

On a compleété cette recherche en examinant la courbe JMn/Jsi en fonction de MnO/SiO, et en voyant 
si on pouvait lui appliquer les corrections de la méthode du standard mutuelle. 

Dans la fig. 6 on a marqué les points, en tachant de tracer la courbe (JMn/Jsi)/(MnO/SiO,). 

Comme on voit, les points sont trés dispersés. La disposition des points devient meilleure, mais 
d’une facon peu sensible, si on apporte aux intensités de la raie .du manganése la correction Kmn@® 
déterminée auparavant. 

Cette opération devient correcte, si on suppose qu la correction Kan résulte exclusivement d'une 
variation du coefficient d’émission de la raie du manganése, mais non de la raie du cuivre. 
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L’analyse spectrochimique des laitiers 


Si, & présent, aux points ainsi déterminés on apporte la correction dont on a parlé pour la méthode 
du standard mutuelle, c’est-a-dire exactement (nMn — nsi) log (SiO,), les points, quoique encore un 
peu dispersés, se rapprochent trés sensiblement pour former une ligne droite, dont le coefficient angulaire 
est trés voisin de la valeur déterminée de nyn, c’est-a-dire 45°. 

On peut remarquer que le résultat imparfait de ces corrections est di en grande partie au fait qu’elles 
ont été effectuées a la suite de diverses tentatives et, en conséquence, ce ne sera qu’aprés de nombreuses 
épreuves qu’elles pouvront étre calculées d’une facgon suffisamment exacte. 

On pense, quoi qu'il en soit, que le dernier résultat obtenu donne pour l’heure une confirmation 
satisfaisante aux observations exposées sur Jes possibilitées d’application de la méthode du standard 
mutuelle et sur la necessité d’apporter des corrections pour les effets dis aux différentes concentrations 
de la chaux, du moins pour le manganése. On observe, enfin, que pour le rapport MnO/SiO,, l’amélioration 
oetenué en ce qui concerne la possibilité de tracer la droite d’étallonage, a été bien plus sensible que 
bour le rapport CaO/SiO,. Cela est sans doute di au fait que la répartition des concentrations de MnO 
pt de SiO, est bien moins reguliére que pour CaO et SiO,. 


Reproductibilité des résultats de Vanalgse 
Lorsque on étudie une méthode d’analyse, il faut déterminer la reproductibilité 


des résultats qu’on obtient avec cette méthede et, dans le méme temps, vérifier 
l'accord des résultats obtenus avec ceux qui ont été déterminés pour d'autres 


Tableau 3. Reproductibilité des intensités relatives sur deux briquettes avec addition de 


Zn en Poudre (laitier 20) 
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moyens d’analyse et, dans le cas particulier de l’analyse spectrochimique, l’accord 
avec les résultats chimiques. Les analyses de routine, qu’on a a présent seulement 
commencées, permettront cette derniére comparaison. Pour les échantillons 
employés dans ces essais, on peut deja obtenir une comparaison entre les résultats 
spectrochimiques et les résultats chimiques en examinant les écarts que chaque point 
présente en comparaison des droits ou courbes d’étallonage tracées. 

En ce qui concerne la réproductibilité des résultats qui peuvent étre fourni 
par une méthode spectrochimique, on observe qu'elle est liée & la reproductibilité 
du rapport des intensités relatives des raies. Si on évalue la reproductibilité en 
écarts types, l’écart type des résultats d’analyse est égal a l’écart type des rapports 
des intensités relatives divisé par le coefficient angulaire de la droite d’étallonage 
de cet élément ou du rapport des éléments. Les essais de reproductibilité ont 
été conduits en enregistrant plusieurs spectres pour deux briquettes obtenues 
avec le méme laitier, avec la méme addition et dans les mémes conditions. II est 
ainsi possible d’etablir une comparaison entre les rapports d’intensités relatives 
qu'on peut obtenir sur la méme briquette, la comparaison des moyennes et des 
écarts types relatifs aux deux briquettes, et de tirer ensuite la réelle reproducti- 
bilité de la méthode, c’est-a-dire en prenant garde aux erreurs qui peuvent inter- 
venir a la suite de différentes manipulations. 

Dans le tableau 3 on a indiqué les moyennes et les écarts types relatifs pour- 
cent obtenus par enregistrement de 7 spectres sur chacune des deux briquettes 
obtenues du laitier 20 avec addition de Zn en poudre. 

Dans le tableau 4 on a indiqué les mémes données obtenues par enregistrement 
de 10 spectres sur chacune des deux briquettes obtenues dans le cas du laitier 20, 
mais avec addition de cuivre en poudre. 

En comparant les deux tableaux, on remarque que la reproductibilité est bien 
meilleure avec le cuivre qu’avec le zinc, soit en ce qui concerne la réduction des 
écarts types (reproductibilité sur la méme briquette), soit en ce qui concerne la 
différence entre les valeurs moyennes des rapports d’intensités (reproductibilité 
sur des briquettes différentes). 

Une autre remarque d'un intérét considerable concerne la meilleure repro- 
ductibilité des rapports d’inténsité par la méthode du standard mutuelle (c’est- 
a-dire référés & |'intensité d'une raie du Si), en comparaison avec les rapports 
d'intensité par la méthode du standard interne (c’est-a-dire référés a |'intensité 
d'une raie de |’ élément standard interne Zn ou Cu). 

En particulier, pour les briquettes avec addition de cuivre (tableau 4) on 
remarque une diminution sensible soit dans la valeur des écarts types relatifs 
pour-cent, soit dans la différence entre les moyennes. 

On a complété la recherche sur la reproductibilité en examinant s’il était 
possible de juger chaque valeur d'intensité relative obtenue sur les deux briquettes 
comme appartenant a la méme population normale. 

A cet effet, on a comparé les écarts types avec l’essai de z et les moyennes 
avec l'essai de ¢, équivalent, dans le cas de deux échantillons, a l’analyse de la 
variance. 

Les résultats sont recueillis dans les deux tableaux. En particulier, pour les 
briquettes avec addition de cuivre, tandis que la moyenne pour les rapports 
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L’analyse spectrochimique des laitiers 


Iy/1si (méthode du standard mutuelle) coincident ou presque, quelques-uns des 
rapports Jy/J;u, présentent des différences significatives au seuil de probabilité 
5% dans les moyennes. On en deduit qu’ils n’appartiennent pas 4 la méme 
population normale. 

En ce qui concerne les briquettes avec addition de Zn (tableau 3) la différence 
entre les moyennes n’est en aucun cas significative, mais on peut penser que ce 
résultat est particuliérment da a la plus grande dispersion des valeurs et au plus 
petit nombre des essais. 

Par les observations faites on remarque |’importance que présentent les 
manipulations et le choix de la matiére d’addition. En ce qui concerne ce dernier, 


Tableau 4. Reproductibilité des intensités relatives sur deux briquettes avec addition de 
Cu en poudre (laitier 20) 
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on pense que les propriétés physiques qu'il faut examiner sont surtout le poids 
spécifique et le point de fusion. 

Le poids spécifique devrait étre peu différent du poids spécifique moyen des 
constituants du laitier pour obtenir que |’élément d’addition, pendant les manipu- 
lations pour la préparation des briquettes, se répartisse de fagon homogéne. Les 
mémes remarques sont utiles en ce qui concerne le point de fusion, surtout par 
rapport a la tension de vapeur que |’element présente & la température de 
l'étincelle. On pense néanmoins qu'une bonne méthode serait celle de |’addition 
d'un oxyde metallique, qui généralement a poid spécifique moins élevé que les 
métaux purs, et point de fusion plus élevé. 

Dans ce dernier cas il faut toutefois ajouter en plus du graphite pourd onner 
a la briquette une compacité satisfaisante. 
Conclusions 
On pense que le résultat des essais effectués peut éclairer plusieurs des incon- 
vénients qu’on a remarqué jusqu’ici dans l|’analyse spectrochimique des laitiers, 
particuliérment lorsque les concentrations des différents constituants dans les 
échantillons examinés couvrent des intervalles étendus comme ceux qu’on a 
considéré dans cet étude. 

Dans ce cas la méthode du standard mutuel n'est pas généralment applicable, 
si les conditions d’excitation et le choix des raies analytiques ne sont pas été tels 
que l'influence d’un constituant sur l’intensité des raies des autres n'est pas 
eliminée et, en méme temps, que les coefficients d’émission de chaque raie ne 
soient trop différents les uns des autres. Toutes les fois que les intervalles de 
concentration ne sont pas trop étendus, on pense—au contraire—que l’application 
de la méthode du standard mutuelle est convenable, parce qu'il est possible éliminer 
en méme temps les erreurs dies respectivement a la différence des coefficients 
d’emission et a l’influence d’un constituant sur les intensités des autres raies, 
tandis que la reproductibilité des résultats est améliorée. 

En tout cas, il faut additionner au laitier en poudre |’élément qui présente 
les propriétés physiques les plus convenables; pour cela on pense que le cuivre 
en poudre possede des propriétés satisfaisantes. De plus, il faut soigner chaque 
manipulation afin d’en rendre minime |'influence sur les résultats. 

On desire remercier vivement la Direction Générale des Acciaierie e Ferriere 
Lombarde Falck pour la permission qu’ils m’ont donné de publier cette étude 
et tout particuliérment le Dr. Mario Sicnora, Directeur du “Centro Ricerche e 
Controlli,”” pour avoir encouragé et patronné l’exécution de cette recherche. 
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Communication to the Third International Spectroscopy Colloquium, High Leigh, 1952 


On the spectrochemical analysis of silicate rocks 
W. 
Laboratory of the Geological Survey of Sweden 


Summary 


In this laboratory, methods have been worked out for the spectrochemical analyses 
of the major and minor constituents of rocks, sediments and ores. The samples 
to be analysed are fused with potassium or sodium hydroxide in a silver crucible 
and then dissolved in dilute nitric or hydrochloric acid. 

For the spectrochemical determination of the major constituents in this 
solution two methods have been employed alternatively. 

(1) In a high voltage spark between a graphite rod an upper electrode and a 
slowly rotating graphite disc the solution is carried into the spark column by the 
rotation of the disc dipping in the solution. 

(2) The solution is dispersed by means of an atomiser and injected into an 
are or spark column through a small bore, 1-5 mm diam. in the purified carbon 
rod which serves as the lower electrode, and is 4mm diam. The counter electrode 
is a purified graphite rod 6-6 mm diam. turned to a conical tip with included 
angle of 120°. For the determination of the major constituents a Feussner con- 
trolled spark is used. When recording the spectra photographically the accuracy 
of the method is measured by a standard deviation of about 3-5% for the SiO, 
determination; for the other major constituents of rocks (Al, Fe, Ca, Mg and the 
alkali metals) a standard deviation of 2—2-5°% is obtainable. 


DIscUSSION ON THE Papers By F. Batpr anp W. 


The question was raised why the author’s diagrams showed curved calibration lines, since Prof. 
GERLACH, when he developed this method claimed that the advantage of the internal standard 
method was that straight calibration lines could be obtained. 

Dr. Bapi (Milan) replied to this question that obtaining straight calibration lines for a 
working curve depends on the range of the concentration under analysis. When considering 
silica in slags there is a very long concentration range with an upper portion with a straight 
calibration line although the lower part of the line is curved. This curvature can be neutralised 
by a calculated correction or eliminated by making the comparison between silica and the 
copper added instead of between silica and a metal oxide. 

A question was put to Mr. MuLp about the history of the method of spraying a solution into 
a light source which was first developed by Prof. GERLACH using a metallic electrode and then 
by Mr. TwyMan about twenty-five years ago using a capillary; the question was whether the 
viscosity of the solution exerts a controlling influence on the reproducibility of the results. 

Mr. Mutp (Stockholm) answered that with such dilute silicate the viscosity of the solutions 
did not change enough to be a source of error. 

Mr. Price raised the question of the temperature reached in this type of source, and Mr. 
Mu op replied that it was so high that effects due to viscosity or surface tension would not be 
appreciable. 
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F. Batpt W. Discussion on Papers 


Arising out of Dr. Baup1’s contribution M. Jean (French Naval Research) asked whether 
the method described by Dr. BaLp1 was equally applicable to refractories, particularly those 
with an alumina and titania base. He also wished to know why the internal standard method 
using copper was not explicitly preferred by the author, so that the tables of ratios and silica 
to other oxides were also given. The author answered that the added internal standard method 
gave results with a longer straight line portion, but that the results using the oxide ratio to the 
silica in the slag was more fundamental to the analysis and showed a much higher reproducibility 
than the figures obtained for the ratios of the metallic oxides to the copper. 

A further question was put as to why the spark was used in this method of analysis and 
Dr. Bap replied that the method was first developed with an are source but that changes in 
arc length during exposure and changes in the spectrum due to the melting of the pellet made it 
necessary to change to a spark. 

In reply to a further question, Mr. Mup replied that the Lundgiirdh Atomiser and others 
had been tried, but not the one by BEcKMAN. 

Pref. FiscHerR (Frankfurt-a-Main) raised the question of the effect of a pressure of several 
atmospheres on the spark discharge. Another speaker enquired whether the whole atomiser 
system and the tubular electrode had to be cleaned out when changing from one solution to 
another. Mr. Mutp replied that with careful setting of the upper and lower electrodes to be 
concentric and coaxial the distribution of the sparks round the electrodes was uniform and not 
disturbed by the blast. The upper electrode had to be cleaned by turning after exposure. 
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Session on Gratings 


Tuesday 2 September 1953 


L. A. Sayce (Summary) and A. H. 8S. HoLsourn (Summary): Production of diffraction 


M. StecBaHN: Activity in Sweden on grating ruling, testing and mounting 
Davip Ricuarpson: The use of echelles in spectroscopy , 


Discussion on the papers by Sayce, SIEGBAHN and RiIcHARDSON 
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Communication to the Third International Spectroscopy Colloquium, High Leigh, 1952 


Production of diffraction gratings 
A session on Gratings was opened with an invited paper by Dr. L. A. Sayce, of the 


National Physical Laboratory, Teddington. A summary of his paper is given, and also 
a summary of the paper by Dr. A. H. 8. Ho.tBoury, of the Marischal College, Aberdeen. 


Summary of Dr. Sayce’s paper 


Since the theory of the colours of striated surfaces was produced by Younc in 1802, and the 
first wire gratings were made by FRauNHOFER, American workers took the lead, and between 
1870 and the end of the century they produced fine ruling machines, and developed the use 
of concave gratings. 

In the last few years, the demand for larger and better gratings has intensified, and the 
problem is being approached in three different ways. StronG at Johns Hopkins University 
is designing improved ruling engines. HARRISON at the Massachusetts Institute of Tech- 
nology has introduced a method of correcting the position of a ruled blank by interfero- 
metric means and so compensating for errors of the lead screw. (See also the note from 
Ho.pourn below.) The National Physical Laboratory is working on the ruling of more 
perfect helices, and the reproduction of helical rulings in the form of plane gratings. 

A pellicle material has been found which can be used to make a cast reproduction of 
the helical ruling, and this can be transferred to an optically flat gelatin surface so as to 


produce a grating which can be aluminised for reflection. 

The helical ruling is simply a screw thread of unusual fineness and precision, threads of 
15,000 turns per inch are cut on a modified lathe, which have periodic errors making them 
unsuitable for use as gratings. To such a thread is fitted a Merton Nut of a soft material 
which covers several thousand turns and rides along the thread so as to remove the periodic 
errors by mechanically deriving an average rate of travel. The travel of the nut is used to 
control another diamond which cuts corrected helices with up to 15,000 grooves per inch, 
and gratings made by copying such rulings give spectra from which ghosts are entirely 


absent. 
For concave gratings these replicas are not available, and a new type of ruling engine 


is being developed. Research on the shape of the ruling point and the hardness of the ruled 


material is also in progress so as to produce groove-shapes which concentrate the light 
reflected in one or two selected orders, and so greatly increase the efficiency of the grating. 
a matter which is vital to workers with Raman spectra and in the infra-red. 

The work on the copying of gratings is of the greatest economic importance to 


spectroscopists. 


Summary of Dr. Holbourn’s paper 


It is proposed to build a grating ruling engine for 8 em % 5 cm gratings in which the grating 
space is controlled by means of a light wave interference pattern. The interference pattern 
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is formed by a Michelson type of interferometer. The moving mirror moves with the grating 
blank which is being ruled, so that for every wavelength movement of the blank, two 
fringes cross the field of view. The fringes are counted electronically as the blank moves 
forward to form the grating space, and at, say, every eighth fringe the blank stops suddenly, 
and a line is ruled by the diamond on the blank. After completion of the line, the blank 
starts to move forward again, and so on. 

The blank will be moved forward by a screw of ordinary engineering precision. The 
electronic portion of the apparatus has been completed, and will set on the centre of a 
fringe to an accuracy which would correspond to a movement of about 2.10~° em of the 
blank. The mechanical parts of the engine will not be complete for a year or so. 

Whatever defects the gratings may have, it is unlikely that they will produce ghosts. 
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Communication to the Third International Spectroscopy Colloquium, High Leigh, 1952 


Activity in Sweden on grating ruling, testing and mounting 

This paper was communicated by Dr. L. A. Sayce on behalf of Professor M. S1eGBAHN, 
Nobel Institute of Physics, Stockholm 
In Sweden, qualified ruling of gratings is performed in the Nobel Institute of Physics by 
Dr. M. StecBaHn. He has two machines in operation, as reported in detail in the paper 
“Specifications for optical gratings” [1] of 1950. The smallest of them is continuously used, 
the gratings manufactured by Dr. SrtecBaun being intended for scientific purposes, 
especially for his own institute. The activity of the last few years has for the most part 
been devoted to ruling gratings for special purposes and of special qualities, often in 
collaboration with other scientists, as those mentioned in the following. The problems 
concerning concave gratings with uniform properties in respect of ‘‘blaze”’ etc. are specially 
considered. 

The Optics Laboratory at the Royal Institute of Technology has as a part of its pro- 
gramme the quantitative application of phase contrast observation. Dr. E. IncEeLstam 
and Mr. E. DyuRLE have published the first part of the paper “Phase contrast measurement 
of the ruling structure of optical gratings’’ [2] the second part is just finished in manuscript. 
A phase plate, preferably a phase mirror, is placed in the spectrograph or in the mounting 
of the grating, so that the spectral line falls on to its central area. This enables possible 
examination of the grating in either of the two directions wanted. In the first case, using 
photoelectric registration, extensive information of the shape of the wavefront is aimed at. 
Analyzed, it gives the amount of light falling into the successive ‘‘ghosts’’ caused by the 
periodic structure, and the amount of stray light (background) caused by random variation 
in the groove position. The sensitivity and fidelity is better than 4/100. In the second and 
very simple set-up with this method, a photograph is taken of the grating surface through 
a calibrated gray wedge, which gives the same type of information of periodic structure, 
but with less accuracy, together with a mapping of the regularity of the grating, whereby 
possibly less good portions of the grating can be readily identified and masked out if 
necessary. The first type of set up is used in Sweden and in the U.S.A. by Dr. Harrison 
and others in connection with progress in ruling gratings; the second modification can be 
applied by every practical spectroscopist for testing his own apparatus. 

The same persons have two years ago worked out a method of examining stray light in 
gratings by a simple method using a didymium filter [3]. 

Progress in new mountings, and constructive modifications of gratings is being made at 
the Physics Institute of the University of Stockholm by Dr. E. Huttn&tn. Thus, by com- 
bining a grating of prominent blaze with plane mirrors, multiple diffraction at the grating 
is achieved giving rise to higher orders of spectrum. In this way the resolving power is 
increased above the ordinary values, and further the intensity of a spectral line is often 
increased by a large factor compared with the corresponding high order if it were observable 
with the same grating. The methods, which have recently been adopted in American 
institutes (J.0.8.A., in press), are published in Arkiv for fysik [4] and briefly in the Pro- 
ceedings of the London Optical Conference, 1950 [5]. These combinations of plane mirrors 
and gratings lead to a series of very compact spectrograph mountings, especially for concave 
gratings. 
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In connection with work in the same laboratory on the resolving power of diffraction 
gratings use has been made of screened gratings with rectangular apertures in order to 
sharpen the main spectral line, at the same time throwing part of the light to neighbouring 
diffraction fringes. In the first paper, ‘Examination of the resolving power of the diffraction 
grating’ (6), attention was drawn to this principle which, as is well known, was treated by 
Lord RaYLeie#, in its application to practical spectroscopy. This was later extended in 
the paper ‘Spectroscopic intensity modulation” [7]. It was shown that, by means of a 
screened coarse grating of reflecting strips combined with the ordinary grating (in effect a 
grating-interferometer) the structure of a complex spectral line could be examined and 
revealed. This progress has been continued after this publication with improved results, 
and the principle is applied also to Fabry-Perot etalons and echelle gratings. 

Dr. Huuruéy has further designed a new construction of grating called “Refraction 
grating” [8]. If the diffraction at the grooves of a reflection grating occurs in a medium of 
higher refractive index than the usual air, the resolving power is correspondingly increased 
by the factor of the higher refractive index, for a certain aperture and angle. This effect 
can be achieved at a plane grating with immersion, or with a special ruling of the grating. 
In order to find out suitable liquids and for the immersion technique, Messrs. HULTHEN 
and INGELsTAM in collaboration are utilizing the phase contrast methods developed by 
the latter [9]. 
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The use of echelles in spectroscopy 
Davip RICHARDSON 
Bausch & Lomb Optical Co., Rochester, N.Y., U.S.A. 


Summary— An echelle has properties intermediate between those of the reflection echelon and an 
echellette grating. It may be used with either prism or grating cross dispersion to provide a 
spectrograph of moderate size with unusually high dispersion and resolving power for a wide range 
of spectra. Several arrangements for using echelles will be discussed together with some 
applications to particular spectroscopic problems. 


Echelles 


The word “‘echelle”’ has been used by Harrison [1], [2] to describe a class of gratings 
that are intermediate between the Wood echelette grating and the Michelson 
echelon with properties that are markedly different from both. Since Harrison 
first described echelles in 1949, it has been evident that they would find wide 
application in several fields of spectroscopic work as soon as they could be made 
available. One of the major projects of our group in the Scientific Bureau of the 
Bausch & Lomb Optical Co. has been the development of methods for the pro- 
duction of echelles suitable for the various classes of echelle spectrographs that 
can be designed once the desirable properties of echelles are known. We have had 
sufficient success in the production of high quality echelles to justify a report at this 
time on the results obtained with the instruments that have been made using them. 

The concept of the echelle was developed by Harrison from his thinking 
about the most effective way to use large gratings to photograph a wide range of 
spectrum with very high dispersion and resolving power. The equations describing 
the performance of large concave or plane gratings used in the classical mountings 
indicate that very large installations will be required to obtain practical resolving 
powers in excess of 300,000 at plate factors of over 1A per millimetre. For example 
a 250 mm grating with 1200 grooves per millimetre used at 5000A would require 
a spectrograph 8 metres long to achieve 1A per millimetre in the first order. The 
plate length to cover the range from 2000 to 8000A would be 6 metres. While 
this sort of thing has been done at some places in the world, it does not appear to be 
a generally useful solution to the problem. 

The use of the echelon, on the other hand, offers extremely high resolving power 
and dispersion ia ‘nstruments of moderate size, but the spectrum range that can 
be covered without overlapping is so small, often less than 1A, as to make this 
solution generally unsuitable. In addition the difficulty of making echelons is so 
great that they cannot be considered as a practical dispersing unit. 

Further thought on the problem indicates that an intermediate solution should 
be sought that combines the desirable features of the grating with those of the 
echelon without the extreme consequences of either. A study of grating perfor- 
mance indicates that as the grating is used at higher angles and in higher orders, 
the resolving power and dispersion both increase. Thus in the example given above, 
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if the grating is used in the third order instead of the first, the length of the 
instrument can be reduced from 8 metres to 1-2 metres. The price that we pay for 
this gain is that now there is considerable overlapping of the spectral orders. 
Coincident with 5000A in the third order will be 7500A in the second order and 
3750A in the fourth. 

A simple solution to this problem is the provision of cross dispersion that can 
be provided by means of a prism or another grating used in a low order. We find 
that the amount of cross dispersion required to separate the various orders of the 
echelle or grating used at high angle depends by an inverse function on the number 


ECHELLE CALCULATIONS 
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Fig. 1. Important equations governing the performance of echelles. 


of grooves per millimetre of the grating. For this reason the design of echelle 
spectrographs is largely concerned with the relation between the number of grooves 
per millimetre of the echelle, the cross dispersion provided, and the type of 
spectrum desired. For most practical designs of echelle spectrographs thus far 
developed it turns out that the number of grooves per millimetre should be in the 
range 8 to 80 per millimetre (200 to 2000 grooves per inch). 

A concept that is important in the design of echelle instruments is that of free 
spectral range. By this term is meant the range of spectrum lying between succes- 
sive orders of any given spectrum line. For a given wavelength and an echelle to 
be used at a given angle, the free spectral range in Angstroms is directly proportional to 
the number of grooves per millimetre of the echelle. The free spectral range for 
an 8 groove per millimetre echelle used at 63°26’ is 45 cm-' or 11-18A at 5000A 
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and for 80 grooves per millimetre the corresponding figures are 450 cm-! or 111-8A 
at 5000A. 

The angle of use of an echelle is a variable that affects all the other properties 
of the spectrograph using it. For various reasons our work has been limited to 
echelles designed to be used at 63°26’ (the angle for which tan 6 = 2-0) and in the 
following presentation we can assume that this type of echelle was used. Develop- 
ment work on the production of echelles to be used at larger angles is in progress. 

A diagrammatic representation of an echelle is given in Fig. 1 together with 
the equations indicating the relationships of the important properties of the 
echelle already discussed in general terms in the foregoing paragraphs. 


Echelle instruments 


The availability of echelles and echelle gratings of high quality permits us to 
proceed with the design and construction of instruments that exploit the 
advantages of using echelles in spectrographs. The higher intrinsic dispersion of 
the echelle gives us the possibility of building moderate sized high dispersion 
instruments or very fast instruments of moderate dispersion. 

In general, echelle spectrographs are various combinations of echelles with the 
usual types of stigmatic prism or grating spectrographs. The development of the 
optimum combination of echelle and cross dispersing unit is still in the future. 
In the meantime it is instructive to review the instruments developed thus far. 

The prism and echelle assembly of the Littrow echelle spectrograph is illustrated 
in Fig. 2. In this instrument a standard large quartz spectrograph is modified 
through the installation of an echelle behind the standard Littrow prism. As the 
aluminizing must be removed from the back surface of the prism in this arrange- 
ment, a motorized, removable mirror is provided between the prism and the 
echelle for use when it is desired to photograph standard Littrow spectra. The only 
other important change in the spectrograph is the mounting of the slit assembly 
on a bearing that permits the slit to rotate from the usual vertical position to the 
horizontal position required for echelle spectra. 

Similar spectra are obtained with the echelle attachment shown in Fig. 3 
when used to form echelle spectra on the entrance slit of a large Littrow spectro- 
graph. This instrument provides a convenient way for spectroscopists to obtain 
the full advantages of echelle spectroscopy in cases where they already have a 
stigmatic spectrograph that can be used for this purpose. 

The echelle attachment can also be used conveniently with a Wadsworth 
concave grating spectrograph. In this case there is a definite advantage in the 
larger horizontal dispersion that permits the use of longer horizontal slits without 
overlapping. In the visible region of the spectrum, there is overlapping of the even 
orders of the second order ultraviolet spectrum with the first order visible spectra. 
This can easily be controlled through the use of appropriate glass filters. 

The most recent advance in the field of echelle instrumentation is the 
installation of an echelle inside a Wadsworth type spectrograph to make a 
fixed-focus broad-range spectrograph of high speed and resolving power. This 
instrument has proved to be unusually fast and offers many advantages over the 
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classical methods for high dispersion work. The vertical plate factor is 
0-47A/mm at 7000A and is 0-14A/mm at 2000A. The spectral region from 7000 
to 2000A can be covered in a single exposure on a 30-inch plate. This echelle 
spectrograph has more than twice the dispersion of the 35-foot grating at 
Massachusetts Institute of Technology and is five to ten times as fast. 


Applications for echelle instruments 


While it is obvious that instruments such as those described above will be of utmost 
importance to the persons studying very complex spectra, emission band spectra, 
Zeeman patterns and the like, we can ask whether the analytical spectroscopist 
or spectrochemist needs the high dispersion and resolving power offered by 
echelles. Most spectroscopists will agree that there are many occasions when a 
10-fold increase in the separation of the lines under study would be of value to 


him. There are real gains in cases where two lines are so close together that it is 
= difficult to distinguish them, where there is suspected interference from unresolved 
4 lines, and where the strength of the background is a limiting factor in the sensi- 

Pe? tivity of detection of weak lines. 
: If we agree that it is possible to use spectrum lines separated by 40 microns on 


the plate (a photographic resolution of 25 lines/mm), we can then work with lines 
having only 0-04A separation in the 2500A region of the spectrum. A large 
number of analyses become routine that were previously very difficult or impossible. 
We have time to mention but a few of these. 

The analysis of boron in steel is greatly facilitated. In this case the problem is 
to separate the B 2497-773 line from Ni 2497-817 and iron 2497-820. Well known 
interferences such as Cd 2288/As 2288-12 and Sb 2323-5/Li 2323-6 are no longer 
troublesome. The spectroscopic determination of carbon in steel has been studied 
and indications are that this will become a routine analysis. In this case it is 
easily possible to separate the iron and carbon lines at 2296-295 and 2296-86, but 
the spectral width of the carbon line is so great that troublesome overlapping is 
encountered. A study of excitation conditions becomes important to reduce the 
line width. 

In closing we can mention the field of isotope analysis. It is well known that 
for certain lines of many elements isotope shifts of 0-05A or more are seen for the 
hfs components for the different isotopes. With present-day interest in isotope 
concentrations and ratios, it is a safe prediction that the methods of echelle 
spectroscopy will replace the costly and time-consuming mass spectrometers now 
widely used. It is often advantageous to use the isotope shifts in emission band 
spectra. 

The echelle is an important addition to the available tools for the spectro- 
scopist. The instrument that makes optimum use of its advantages is a challeng- 
ing problem that is being studied at the present time and will be built in the years 
to come. 

No discussion of echelles would be complete without expressing grateful 
appreciation for the inspiration received from the master of this subject, Dr. G. R. 
HaRRISON of the Massachusetts Institute of Technology. 
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Fig. 2. Motorized prism-echelle assembly with the plane mirror in position for 
Littrow operation. 


Fig. 3. Echelle attachment showing 


1. Slide carrying horizontal fixed slits 
6. Removable field lens 
9. Push rod for controlling position of by-pass optics. 
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DIscUSSION ON THE Papers By Sayce, HOLBOURN, SIEGBAHN AND RICHARDSON 


In the discussion which followed these papers Dr. Lorp (Massachusetts Institute of Technology) 
described the use of a replica process for making concave gratings. When they tried making a 
convex replica and second stage replicas from that they were only able to get one good second 
stage concave grating from each first replica; now they were experimenting on the ruling of a 
convex grating from which the concave replicas could be made more simply. From stainless 
steel masters a great many replicas could be made. The process is started by treating the master 
grating to prevent the permanent adhesion of aluminium, and then evaporating a film of 
aluminium on to the surface. The aluminized master is then coated with a fluid plastic, and 
backed by a glass flat, and the plastic polymerized to a rigid form. When the master grating is 
detached the replica is left with its aluminium surface exposed. 

Dr. Menzies (Hilger and Watts, London) said that they were also using a ruling process on 
the same principle as that described by Dr. Sayce, and they had tried to make a long cylindrical 
ruling by allowing a Merton nut to ride from an imperfect screw on to the adjacent new screw 
which it had generated. This might enable a grating to be enlarged, until the cutting point of 
the diamond is changed by wear. 

Dr. Kaiser (Dortmund) said that Dr. Ricnarpson had mentioned some interesting appli- 
cations of echelle gratings, but not their use for recording the line spectra from crystalline 
compounds of rare earth elements. The spectra could only be obtained while the sample was 
cooled to liquid air temperatures, and it was necessary to record a very wide-range spectrum 
with a single exposure in order to get sufficient information about the nature of the crystal. 
The echelle would make it possible to cover a sufficient range in a single exposure. 

Dr. Ricnarpson (M.I.T.) said that another advantage of the echelle arrangement was the 
saving of space; an echelle combined with a grating would give a larger dispersion in a compact 
instrument than could otherwise be obtained with a 40 ft grating. 

Mr. Griutreson (A.E.R.E., Harwell) suggested that a possible use of the echelle would be to 
record a very long spectral range on a single exposure when only a very small sample was 
available. Another possible use would be to record the effects of isotopes on spectral structure 
with greater speed than is possible with a Fabry-Perot interferometer. Mr. GrLLigzson went on 
to ask whether the echelle could be used in convergent light and also when it would 
be commercially available. Dr. RicHarDsON answered that the use of an echelle in convergent 
light would result in a loss of resolving power. Echelles of 8 grooves per mm are now being made 
by a process of lapping grooves in glass which was difficult and slow. If replicas of these can be 
made they would soon become available. Echelles of 80 grooves per mm were made by ruling 
on a thick aluminium deposit, and these could be reproduced by the replica process. 

Dr. Menzies (Hilger, London) pointed out that the echelon which preceded the echelle had 
now largely been replaced by the Fabry-Perot Interferometer. The making of an echelon was a 
feat of patience and skill. 


we 
) 
53/54 


7 
ny 
: 
{ 
VUle 
1953/7 
age 
a 
ae 


Session on Direct Reading Spectroscopy 
Wednesday 3 September 1952 


J. Orsac: L’emploi de l’analyse spectrographique a lecture directe dans l'industrie de 


Discussion on the papers by M. F. HasterandJ.Orsac . . 84 


lie 
) 
i 
: 


; 
* 
= 
: 
6 
1952/7 
/ 
oe 
Pog 
ae 


Spectrochimica Acta, 1953, Vol. 6, pp. 69 to 79. Pergamon Press Ltd., London 


Communication to the Third International Spectroscopy Colloquium, High Leigh, 1952 


Quantometry in 1952 
M. F. Has_er 
Applied Research Laboratories, Glendale, California 


Our company is just completing its eleventh year of development work on direct- 
reading instruments and methods of spectrochemical analysis suitable for such 
instruments. It is completing its sixth year of production of Quantometers, of 
which production will total more than one hundred units by the end of this year. 
Twenty-six of these will be in Europe. It is because of the many important installa- 
tions in this part of the world that our company is making a great effort to provide 
the same service in Europe that it provides for customers in the United States. To 
this end a centre is being established in Switzerland as ARL-Europe. 

Many of you are familiar with the ARL Production Control Quantometer which 
has been produced for the last three years. A typical instrument of this type is 
shown in Fig. 1. 

The ARL High Precision Source, at the right, which contains a controlled high 
voltage spark unit and a Multisource unit, has proved its versatility time and time 
again during the methods development programme which has been very extensive 
over the last five years. At no time have we ever been at a loss for an adequate 
source to provide the utmost in reproducibility and sensitivity which can be 
obtained by spectrochemical methods. 

At the centre is the grating spectrometer which is a vertical instrument usually 
fitted with close to the maximum allowable number of phototubes, thirty-five. 
At the left is the recording console providing integrators for each of the phototubes, 
a single high voltage supply for all multipliers, an electrometer-type amplifier with 
supply, a strip chart recorder, and zero and sensitivity controls for each use of each 
multiplier. As may be seen, these controls provide an appearance of complexity to 
the Quantometer. However, this is only due to the fact that most typical instru- 
ments are constructed to handle the analysis of a large number of elements in two 
or three different base materials. Typical examples of this are units to analyse low 
alloy steels, high alloy steels, and slags all in one instrument; likewise steels, 
copper base, and aluminium base alloys; also aluminium, zinc, and lead base alloys; 
and so on in various combinations. An alloy selector switch on these instruments 
allows the analysis of any of these base materials at a moment’s notice, and all with 
a minimum amount of calibration and readjustment. Just how this is accomplished 
will be discussed subsequently. 

Any careful study of direct-reading systems will demonstrate that the one 
adapted for the Production Control Quantometer provides the maximum in 
accuracy, speed, and simplicity from an operational sense. Integration of light 
from all spectrum lines is done simultaneously so that any number of elements up 
to twenty can provide an integrated analysis for the whole sparking or arcing 
cycle, be this twenty or thirty seconds. It is this feature which provides the very 
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high precision attainable with the Quantometer. The read-out system furnishes 
a pen and ink recording in duplicate requiring 1-6 second per recording. Thus, 
with five second prespark, twenty second sparking and integration, and thirty-two 
second read-out for a total of fifty-seven seconds, nineteen elements can be analysed. 
This is at the rate of one element every three seconds. This demonstrates the high 
speed of operation of the Quantometer. Finally, the repeated use of a single high 
quality amplifier and recorder makes for relatively straightforward servicing and 
maintenance. 

Having arrived at this basic design four or five years ago and having produced 
instruments of this type for several years, a good portion of our company’s develop- 
ment effort has recently been utilized to minimize servicing and maintenance. 
Three main trouble spots became evident, especially in twenty-four hours a day, 
seven days a week operation. 


First, the integrator relay contacts often failed to make adequate electrical connections. Though 
special cleaning tools were obtained, this meant that regular maintenance was required to assure satis- 
factory analytical service. The answer to this problem is sealed integrators; by keeping dust and dirt 
away from the relay contacts, by making these contacts of palladium, and by providing two contacts in 
parallel, integrator maintenance has been reduced to a very occasional thing. 

Second, the rotary switches which successively connect the various integrators and zero and sensitivity 
controls to the amplifier often wore out by the simple process of cutting themselves to pieces. Though they 
could be readily replaced by means of large Cannon connectors, this still occasioned maintenance which 
could be minimized. Fig. 2 shows a new type of gold-plated rotary switch which not only takes the place 
of two of the older type, but provides at least three times the service. 

Third, the DC bridge amplifier, though it provided automatic compensation for zero drift, good 
linearity, and reasonable stability, still left much to be desired in warm-up time and replacement tube 
selection. The solution to this problem was to develop a unique vibrating condenser-electrometer type 
amplifier which draws no measuring current from the integrators, has practically no zero or sensitivity 
drift, is perfectly linear, and reaches full stability within one minute after being powered. Its operating 
principles are shown in Fig. 3. Essentially, it is a null type instrument which balances itself electronically 
in about three cycles of the AC power supply. It has all of the virtues of a null instrument, providing an 
output voltage at low impedance which at all times is exactly equal and opposite to the ultra-high imped- 
ance input signal voltage. This assures that there can be no drift in gain or linearity. This output voltage 
appears across the three resistors entitled sensitivity control, sum corrector, and zero control. By changing 
the ratio of the resistance across the recorder and the total resistance, by means of the sensitivity control, 
the full seale deflection of the recorder can be made any desired portion of this voltage. It is by switching 
in various sensitivity controls and zero controls that the voltage across each integrator can be read on a 
scale, appropriately expanded and adjusted to fit the direct-reading concentration scale provided for the 
analysis of each element 

In connection with this direct-reading feature, significant improvements have’ been made in the 
mechanism for inserting, holding and aligning the multiple-copy, direct-reading analytical reports. Every 
1-6 seconds the recorder steps to the next printed analytical scale and records the analysis of a particular 
element as a vertical line across the scale. The ball-point pen allows the simultaneous production of three 
analytical reports, one original and two carbon copies. 

Another advantage of the new amplifier is that it may be used as an electronic computer, in connection 
with multicomponent system analysis. By means of it, all intensity readings can be readily multiplied 
by aconstant factor. This is accomplished by varying the fraction of the output voltage which the recorder 
measures. The variable resistor, termed the sum corrector, in Fig. 3 accomplishes this. The advantage of 
this in stainless steel analysis, for instance, can be seen by referring to Fig. 4. Theoretical work in our 
laboratories has shown that in a multicomponent system the best representation for analytical curves is, 
for example 


le 
Cor = =» Cre] 


This states that by plotting the concentration of chromium against the intensity ratio of a chromium 
line to an iron line times a function of the concentration of iron, the internal standard, an invariant 
relationship will be obtained. By calibrating the sensitivity control of the iron internal standard in 
terms of f(C p,) direct-reading analyses can be secured, if the iron content is known. Even in cases where 
the iron content is only known approximately, this approximate value can be used and all other elements 
analysed. By summing the iron value plus all determined elements, a total is obtained which may be 
compared to 100°,. If it deviates from 100%, then by moving the sum corrector or sum reread dial to the 
sum value, the correct analyses may be recorded on another analytical report. This can all be accomplished 
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Fig. 1. Production Control Quantometer with source on right, spectrometer in centre and 


recording console on left. 


Improved Rotary Switch. 
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without resparking the sample, as the original charges on the integrating condensers are used for 
both the preliminary and final analysis. This is possible only because the amplifier removes no charges 
from the condensers to perform the readings, and the system in general has such low leakage that no 
appreciable differences in readings are observed even after five to ten minutes. In Fig. 4, the original 
analysis is shown on typical direct-reading scales as the dotted line, the final analysis as the solid line. 
The important point is, of course, that the direct-reading feature of the Quantometer has been thus 
extended to complex alloy systems. 


ELECTROMETER AMPLIFIER 


CONDENSER 


/\ 


TUNED 


| RECTIFIER 


SENSITIVITY 
CONTROL 


BALANCE TUBE 


RECOROER 


CORRECTOR 


ZERO CONTROL 


Fig. 3. Schematic diagram of electrometer amplifier. 


Another important advance which shows considerable promise is a system of lamp calibration to 
minimise the use of standard samples for instrument adjustment. One of the very important features of 
the present Quantometers is the ease of calibration by the use of standard samples. By storing charges 
on two sets of integrator condensers, one set with charges developed from the analysis of the standard of 
high concentrations, and the other with charges developed from a standard of low concentrations, and by 
providing a zero and sensitivity control for each analytical scale, such scales may be brought into exact 
coincidence with the standards at both the low and high end of each. Such a method of standardization, 
though it only takes two or three minutes to perform, still leaves something to be desired in the way of 
speed in a high production laboratory. The main variable in any direct-reading instrument employing 
multiplier phototubes is the sensitivity of these tubes. Such tubes are subject to fatigue and a variety 
of peculiarities which result in a drift in sensitivity with time. By purposely fatiguing these tubes, this 
can be minimized. However, even after all precautions are taken, it is found advantageous to check the 
calibration of the instrument once every hour. The idea behind the calibration lamp is that if a lamp of 
constant intensity and constant spectral distribution were available, it could be utilized to adjust the 
sensitivity of the photomultipliers so that each would be maintained at a predetermined value over long 
periods of time. Unfortunately no such lamp exists. However, since all measurements are relative and 
the spectral response of various multipliers is not very different from one another, use of an ordinary 
tungsten filament lamp turns out to be quite effective. 

One of the main difficulties encountered was to obtain a uniform field of illumination for all multi- 
pliers which would be relatively independent of the particular lamp employed and its exact position. 
This was finally achieved by developing an integrating sphere, with a6 x 50 mm opening, which is made 
to appear adjacent to the 25 x 50mm rulings on the gratings. By having two lamps in the sphere, 
centered one on each side of the two inch length of the opening, either one may be used as a calibrating 
source. By using two filaments in each lamp, this provides a total of four filaments as protection against 
any one burning out at an inopportune time. By adjusting the voltage applied to each filament, the 
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absolute intensities of the four filaments, at least as measured by the multipliers, can be made very similar. 
Differences in colour temperature between filaments, which must be present under conditions of equal 
absolute intensity, make for differences in calibration of any multiplier of less than one percent from one 
filament to the next. However, the accuracy of measurement is good to one tenth of a percent, so that it 
is well worth while to calibrate each filament against the others. 


3% 100 90 200 210 220 230 240 250 
os 10 20 25 30 3 40 0 95 100 105 uo 
10 20 30 40 eo 90 100 1.0 
10 12.0 13.0 14.0 15.0 16.0 17.0 Q 19.0 20.0 21.0 
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SUM INTERNAL STANDARD 
REREAD CONCENTRATION 


Fig. 4. Basic features of direct recording in a multi-component system. 


Having obtained a suitable source, the next problem is to make the calibrating light, as viewed by 
each multiplier, similar in intensity to the spectrum line being measured by that multiplier. Because of 
the great disparity between the intensities of the various spectrum lines employed, this is somewhat of a 
problem. However, by employing a limiting aperture along the length of each receiver slit which may be 
moved in and out of position in front of the slit and by masking either the spectrum line or the calibrating 
lamp, up to a hundredfold range of line intensities can be matched with a single calibrating lamp. A 
series of such length-limiting apertures, is mounted on a bar which supports them in front of the receiver 
slits and a small motor at the end of the bar moves the apertures in and out of position as required. 

To insure stability for the whole system, the sphere is water-cooled and the lamp is operated from a 
very accurate voltage regulator good to 0-1°, variation. A manually operated shutter allows the lamp to 
be turned on several minutes before use to assure equilibrium of the whole system. To minimise fatigue 
of the multipliers by the calibrating lamp, the shutter is opened just before calibration. This precaution 
is necessitated by the fact that continuous radiation, providing the same average current in the multiplier 
as intermittent radiation, makes for much greater fatigue than high intensity, short duration, repetitive 
illumination. 

Table 1 shows some typical stainless steel analyses using the calibration lamp to adjust the instrument 
from time to time. Run five, after a twelve hour interval since the previous analyses, shows the largest 
deviation in chromium values of any experienced. They are on the average low by 1-3°% of the quantity 
measured» Though this may appear very small, it still is an appreciable increase in error compared to 
0-6°, which can be achieved with the longer procedure of utilizing duplicate sparkings of standard 
samples for calibration. However, the over-all error for the entire set of chromium values is 0-8%, of 
the quantity present, which certainly is approaching what can be done with calibration standards. Thus, 
these results indicate clearly that the calibration lamp has some interesting possibilities which are well 
worth while investigating further. 


Another important engineering development in the last few years is the design of 
Quantometers for multipurpose work. One of the prices paid for the high accuracy 
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and speed of the Production Control Quantometer is an inflexibility of purpose. In 
the original concept of this instrument, it was designed to do a single job such as 
aluminium alloy analysis or low alloy steel analysis. However, as experience was 
gained, it became obvious that a multiplier and secondary slit on the 2516A silicon 


Table 1. Direct-reading Analysis of 18-8 Stainless Steels 
(Calibration by the Lamp Calibration Unit) 


Sample Number 


Chemical Analyses 


Spectrochemical Analyses* 
Date Time 


1.10 p.m. l Cr 18-89 17-53 16-98 18-80 20-06 
Ni 8-50 7-87 9-14 12-50 9-55 
0-80 


10/15/51 


18-89 
Ni 8-65 8-00 9-17 12-80 9-80 
0-79 


10/15/51 


10/15/51 8.20 p.m. 3 Cr 18°87 17-47 17-27 18-80 20-03 
Ni 8°40 7:98 9-10 12-47 9-58 
0°81 0-81 


10/15/51 9.00 p.m. 4 Cr 19-07 17-53 17-40 18-90 20-36 
Ni 8°43 8-05 9-10 12-72 9-58 


0-80 


9.00 a.m. 18-58 8-84 5 
Ni 8-29 781 8-96 12-21 2 
0-80 1-94 


20-00 
58 8-87 | 12-10 9-35 
1-22 


Cr 18-68 
Ni 8-20 
Mn 0-77 


9.55 a.m. 


* Average of duplicate analyses. 


line, for instance, could be used for the accurate analysis of silicon in a wide variety 
of alloys, such as aluminium, magnesium, low alloy steel, high alloy steel, slags, ete. 
Thus, if proper switching could be provided which would connect the silicon 
integrator to the amplifier at the proper position in the element reading sequence 
and at the same time would connect a separate zero and sensitivity control to the 
amplifier to allow calibration of an appropriate silicon scale, then obviously the 
same spectrum line could be used to analyse a variety of base materials. To insure 
that each type of material can be analysed at a moment’s notice without recalibra- 
tion, it is essential that separate zero and sensitivity controls be provided for each 
use of each spectrum line. In this way, once the alloy selector switch is moved to the 
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proper position, the instrument is immediately ready to handle the analysis of the 
indicated alloy. This, as was indicated at the beginning of the paper, is one reason 
for the apparent complexity of many of the latest instruments. 

An interesting example of this type of instrument is one designed to be of 
particular value to steel producers. The specifications are shown in Table 2. 
Besides analysing stainless steels for chromium and nickel in the high percentage or 
“A” range, silicon, manganese, molybdenum, columbium, titanium, copper, and 
so on can be readily determined in the one-tenth to a few percent range at the same 
time, with a spark-like Multisource discharge. The ‘ B "’ range provides an analysis 
of residuals such as low molybdenum, tin, aluminium, vanadium, lead, and copper 
by means of an arc-like Multisource discharge. Tantalum, as an alloying element, 
can also be determined with this discharge. By switching to the ‘“C”’ range of 
the instrument, a low alloy steel sample can be analysed immediately for most 
alloying constituents. The “ D ”’ range provides residual analyses for this type of 
steel and boron analyses in the alloying range from 0-0005-0-05%. The “ E ”’ range 
is used to check and adjust the position of the receiver slits with respect to the 
spectrum lines by means of the monitor lines and slits provided. This is used just 
before recalibration of the analytical scales. The “‘ F"’ range provides for the 
analysis of steel making slags. Types used in stainless steel production as well as 
low alloy steel making can be readily analysed with the Quantometer when set to 
this range. On studying the specifications of this instrument it is apparent that 
many spectrum lines are used repeatedly in the analysis of various basic types of 
samples. By having direct-reading analytical forms for each range, analyses can be 
performed on a speed basis in any and all ranges as required. 

This provides an introduction to one of the latest and most important develop- 
ments of the Methods Laboratory of the Quantometer Division of ARL-slag 
analysis. The method was first developed in connection with steel-making slags. It 
has been extended to the accurate analysis of cements, zinc smelter slags, copper 
smelter concentrates and slags, and so on. It appears to make possible, in the field 
of non-metallics, the same extension into high percentage analysis with the 
Quantometer as has occurred in the metals field. 

The method is based on a rapid electric furnace fusion; 1 g of lithium carbonate 
and | g of boric oxide are mixed with 0-5 g of pulverized slag which will pass a 100 
mesh screen. These two added fluxes may be weighed and mixed previously to 
analysis to speed the operation. This mixture is poured into a graphite crucible 
made by drilling a 18 mm hole, 15 mm deep into a graphite rod 25 mm in diameter 
and 18mm in length. This is heated in an electric furnace at 1000° C, for five 
minutes. The graphite crucible is remeved and cooled, and the glass-like bead 
which results is easily pried from the bottom. The bead is crushed in a Plattner 
mortar with a half dozen hammer blows. The coarse particles are sieved out with a 
100 mesh sereen. A portion of the fines are ground further and passed through a 
325 mesh screen. A half gram of this fine material is weighed up roughly and added 
to an equal amount of briquetting graphite. These are mixed together and pressed 
into a 12 mm diameter briquet, at 80,000 pounds per square inch. 

Control of the particle size of the fused material is a very important factor in 
determining both the accuracy and precision of the analyses. 


74 


19062/ 


4 € 
ie? 
ual 
y 
7 
| 


‘OPIXO BY » 


8107 

sjouuBy,) 
8eqn40304g 
(apoog 
pooosd i204 ) 
0-S6- 0-S6- 0-09 wpeq pee fey 
Ot- OT - 20-0 x 
2-0 c00-0 ~S00-0 ny 
x 
x GO 
LOE 


10} 


18862 
x 0697 
L-bOPP 
OLEF 
20 
0 - 10-0 
OL6E 
- 100 rite 
10-0 10-0 0S - 10 OLIe 
20 
O-Le- OI 
O80 
~80-0 LLOS 
20 0L-0-01 oft - £0 oft - £0 
-1-0 
8 


60-0 


£000-0 
0-0€-£-0 18 p.48 
~ $00-0 ~S00-0 


107 


& 


~ 


corr 


- oO 
-80-0 0-91€s 
OFT 
OF 
£0 


ets 
3 ® so a 
< a < S 
Sis 
| 
5 
© 
°¢ 
= 
xSece 
a 
ig 
Ss © & © Ser On BOSE 
75 


M. F. Haster 


This entire process of sample preparation takes from ten to fifteen minutes, 


depending upon the equipment available and the speed of the operator. The 

: graphite crucibles are made of ordinary grade graphite rod and may be cleaned for 
A re-use by touching them up with the 18 mm drill employed to produce them. 
4 For the Quantometer analysis, the briquet is clamped in a flat-plate briquet 
a holder. About 0-7 mm of flat surface is removed with a razor blade to provide 
es conditions identical with those used for subsequent analysis. Analyses are made 


with a three second prespark and a twenty second sparking, utilizing the Multi- 
source unit. Two microfarads, fifty microhenries, and residual resistance are em- 
ployed in the power circuit with the ignitor at maximum power. The sample 
is the positive electrode. 


TTT 


Or 

| 
FUSED 


Fig. 5. Analytical curve for silica in slags. 


By utilizing the shaving technique, on the briquet, duplicate or triplicate 
analyses can be made in rapid succession. Also, very long briquets of standard 


samples can be used over and over again for calibration. 

While on the subject of standard samples, it should be pointed out that 
because of the good fluxing obtained, standard samples may be synthesized from 
oxides and carbonates, and reduced to a common physical and chemical form, 


just as production samples are, by the furnace treatment. 

The real test of any method is, of course, what it will do in the analysis of a 
wide variety of slags obtained from many sources. The following group of figures, 
showing analytical curves for the various elements or compounds of interest, shows 
clearly what this method has accomplished. It should be pointed out that the 


12 chemical analyses were, in general, routine analyses as provided by the steel 
R producers. The results speak very well for the high quality and uniformity of 
“ chemical slag analysis as practised both in the United States and in Europe. 

The first working curve, Fig. 5, is for SiO,, determined, of course, as silicon 

‘a ; by the spectrochemical method. As may be seen from the abscissa, the added 


lithium is used as an internal standard. This allows direct-reading determinations 
of all constituents and eliminates all calculations. The first feature of interest is the 
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effect of iron on the silicon determination. Fortunately, most slags divide them- 
selves into iron contents of less than 5°, or more than 10%. Two working curves 
thus suffice to cover these two main groupings. The effect of high iron appears as 
an increase in spectral background causing a parallel shift of the analytical curve. 
Increased Cr,O, content in the slag has the same effect so that the SiO, determina- 
tion must be corrected for it. 

The results obtained in trying to eliminate the fusion step are clearly indicated 
by the block square determinations. Even for slags of the same type, serious 
errors result if analysis is attempted by the addition of the lithium carbonate and 
boric oxide, but without fusion. In this connection it should be pointed out, in all 
fairness, that other discharge conditions could be utilized to minimise these 
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Fig. 6. Analytical curve for iron in slags. 


differences in the unfused samples. However, such discharges are quite inferior 
in precision to the one utilized so that one loses both in accuracy and precision by 
employing such methods. 

A similar analytical curve is obtained for CaO, determined as calcium. Here 
iron and chromium have qualitatively the same effect on the curve as they had in 
the case of the SiO, determination. This explains why certain relatively simple 
spectrochemical methods for determining the calcium-silicon ratio have enjoyed a 
moderate success—the effect of variable iron content tends to cancel out to some 
extent. However, this is only fortuitous and thus only partially the case. 

Another element of great interest is iron. This is present as FeO and Fe,O, in 
the slag, the amounts of each oxide depending upon the calcium-silicon ratios. 
After fusion, a wide range of iron values may be fitted to a single analytical curve, 
as shown in Fig. 6. However, unfused slags provide very erratic values, presumably 
due to the particular forms of oxide present in each sample of slag. A similar 
simple working curve is obtained for manganese with no apparent matrix effects. 

Chromic oxide, so important in the production of stainless steel, can be readily 
determined in slags. A simple linear analytical curve is obtained with no visible 
matrix effects. 
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Table 3 shows what can be expected in the way of reproducibility. For a single 
sparking the results are not on a par with good metal analysis in which less than 


Table 3. Precision of Slag Analysis 


Typical Standard Deviation Coefficient 
For Single Analysis 


+ 0-45 
Al,O, 4-93 + 0-10 2-1 


CaO 34:5 + 0-41 1-2 
MgO 714 + O11 1-6 
TiO, 0-54 + 0-017 3-2 
Fe 21-10 + 0-27 13 
Mn 4-20 +011 2-6 


+017 


All numbers in percentage. 


one percent precision may be obtained on many elements. However, by the use of 
duplicate sparking, and a third, if good agreement is not achieved, excellent 
results can be readily attained. Due to the use of fused samples, the accuracy of 
analysis closely approximates the precision which is something which cannot be 
said for methods which do not employ fusion. 

In closing, it is worth while reviewing some of the highlights achieved in metal 
analysis in our methods laboratory and in field installations. The results shown in 
Table 4 are noteworthy, as they indicate the penetration of Quantometric analysis 
into more and more fields of metal analysis. Most of these fields were closed, at 
least in the higher percentage ranges, to spectrographic analysis because of the 
inherent errors introduced by the recording device, the photographic emulsion. 
Where these errors are of the order of magnitude of one percent for photographic 
measurements, they are of the order of 0-1°%, for multiplier phototube measurements 
as obtained with the Quantometer. Thus, the most serious limitation to accurate 
analyses by direct-reading methods today is the sample, rather than the instru- 
ment. For instance, the analysis of zinc in the 30-40% range in brasses provided 
errors of from 0-5-1 °%, of the quantity measured, for laboratory produced standards. 
This error dropped to 0-3-0-4°%, as soon as routine production samples were obtained 
from large, well-stirred furnaces. And so it goes, routine production samples taken 
in well-managed plants almost invariably provide lower deviations than specially 
prepared small batch samples. Thus, the real challenge today in spectrochemistry 
is the development of methods of sample preparation which will allow the full use 
of the accuracy of direct-reading instruments. Perhaps the British Non-Ferrous 
Research Association and British Cast Iron Research Association will meet the 
challenge with the aid of their direct-reading instruments in the years to come. 
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Quantometer Metal Analysis Highlights 


Typical 
Analysis 


Standard 
Deviati 


Coefficient 
of Variation 


Aluminium Alloys 


Stainless Steels 


Low Alloy Steels 


Zinc Alloys 


Lead Alloys 


Copper Alloys 


Pb 
Zn 


12-25% 


18-52% 
8-21% 


135% 
3-22% 
0-32% 


4-05% 
2-67%, 


12-11% 
31-77% 


1-82% 
35-82%, 


+ 
+ 0-:06% 


+ 011% 
+ 0-05% 


+ 0-01% 
+ 
+ 0-004% 


+ 
+ 


+ 007% 
+ 


+ 0-02% 
+ 


0-6% 
0-7% 


0-6% 
0-6% 


0-8% 
0-6% 
1-3% 


0-6% 


0-4% 


Deviations experienced for single analyses of samples of high uniformity, 


as compared to average of twenty determinations. 


Tobe). 
si = 
Cu = 
C= 
Ni = 
Cr = 
Ni = 
Mn = 
Al = 
Cu = 
Sb = 
Ni = | 
= 
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Communication to the Third International Spectroscopy Colloquium, High Leigh, 1952 
L’emploi de l’analyse spectrographique a lecture directe 
dans l’industrie de l’ Aluminium 


J. OrsaG 
Service des Recherches Péchiney & Chambéry 


Summary—A direct-reading spectrograph, made by ‘‘Radio-Cinema”’ under a Péchiney licence, 
is used in several French works for the analysis of aluminium and its alloys. This instrument, 
because of its versatility and its faculty of analysing spectral phenomena with a very short 
integrating time, has been useful for basic research, as well as for the standardised industrial 


analysis. 

The method used to compare different brands of graphites; the influence of the spark-gap 
on the analysis; the evolution of line-intensities as a function of the capacities and self-inductance 
of the generator will be briefly described. 

A modus operandi adopted in the works, will also be mentioned: samples and their pre- 
paration, differences found between cast and wrought structure, list of alloys and hardeners 
(alliages-méres) analysed, evaluation of the mean error, the analysis of copper in light alloys. 


Plusieurs spectrographes a lecture directe, fabriqués sous licence Péchiney par la 
Compagnie Radio-Cinéma se trouvent dans des usines qui préparent |’ Aluminium 
et ses alliages; le but de notre exposé est de rendre compte des possibilités de 
cet instrument dans le domaine des alliages légers. 


L’appareillage 
L’appareillage et son fonctionnement ont été décrits en détail par plusieurs 
conférences de M. MATHIEU, son constructeur, et nous-mémes; rappelons seulement 
qu il s’agit d’un spectrographe Jobin et Yvon utilisable aussi bien avec des plaques 
photographiques qu’en lecture directe (Fig. 1). Cette derniére ne comprend que 
deux cellules multiplicatrices d’électrons du type mis au point par le Professeur 
LALLEMAND, et dont l'une peut étre pointée sur une raie du métal de base (Al, Mg, 
Cu, Fe, Zn, ete... .) de lalliage étudié; l'autre cellule peut parcourir tout le 
spectre et s'arréter automatiquement sur autant de raies qu’on le voudra. Les 
spectrographes destinés a l'industrie de |’ Aluminium comportent en général 21 raies; 
en cas de nécessité, on peut les compléter facilement par une quinzaine d'autres. 

L’appareil comprend autant de régles-programmes qu'il y a d’alliages a 
analyser; ces régles-programmes autorisent la mesure de certains groupes de raies 
avec les sensibilités nécessaires. 

L’expérience montre que la faculté d’utiliser des plaques photographiques, 
ainsi que la possibilité de changer rapidement de programme, sont extrémement 
importantes. Il arrive constamment, surtout dans un Laboratoire de Recherches, 
que l’on ait affaire & des échantillons de composition inconnue, ou a des alliages, 
poudres, métaux, pour lesquels aucun mode opératoire n’existe; en moins d’une 
minute on peut déconnecter la partie “lecture directe”’ et revenir a l’enregistrement 
photographique (Fig. 2). 

La facilité de changement de programme est non moins importante; l'une de 
nos usines produit plus de vingt types d’alliages et alliages-méres par mois, et 
l'appareil doit fournir des analyses urgentes pour 8 types d’alliages tous les jours. 
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L’emploi de l’analyse spectrographique & lecture directe dans l'industrie de I’ Aluminium 


Le passage d’un type d’alliage 4 un autre ne demande que quelques secondes, si 
l’on ne tient pas compte de l’enregistrement des échantillons-témoins. 

De méme, en moins de 5 minutes, on peut passer de l’analyse des alliages légers 
a celle des alliages de Cuivre, ou de Magnésium, etc... . 


1 LL 
rée/ apparent | Distance 
| | Qualité 
rT Ty T 
41%-42% | | JOmm 
| 
| |47%-44% | | 
| | | | fe A 
40% 30mm | | {si 
] 
JOmm Fe 
| | | | 
41% 
+ 
| | | Fe 
si |_|4 
Fig. 3. Dosage du cuivre dans le Fig. 4. Analyse du Fe et Si dans Alu. 99-6. 
Duralumin. Comparaison des graphites A et B. 


Enfin, la propriété de l'appareil de n’utiliser que des temps d’intégration trés 
courts, de l’ordre de la demi-seconde, s’est montré d’une importance capitale 
pour l'étude détaillée de plusieurs phénoménes. 

En effet, on voit immédiatement se dessiner sur l’enregistrement le résultat 
de toute modification apportée pendant l’analyse; par exemple en rapprochant 


C= 7500, L=80 


Fig. 5a. Influence de la capacite sur le Fig. 5b. Influence de la capacite sur le 
flambage. Rapport Mg/Al d’un duralumin. flambage. Rapport Mg/Al d’un duralumin, 


ou en éloignant de 1/10e de mm les électrodes, le dosage du Cuivre dans |’ Al donne 
les résultats suivants (Fig. 3). 

Notons encore quelques exemples: 
(a) la comparaison de graphites de diverses provenances (Fig. 4); 
(b) l’influence des selfs ou des capacités sur la forme méme de |’évolution durant 
un intervalle de temps donné (Fig. 5); 


L. 
pea 
C=6000, L=80 C=7500,L =0 
| | | C=6000, L=0 
| | | | | | C=4500,L=0 
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(c) recherche des raies homologues; la forme de l’évolution permet le choix 
presque immédiat des raies a utiliser (Fig. 6). 

La température méme de |'échantillon influe sur le résultat; soit que la masse 
soit notablement plus faible que la normale, soit qu'on utilise plusieurs fois un 
échantillon sans qu ‘il ait le temps de se refroidir, l'analyse conduit a des résultats 
trop élevés pour les éléments trés oxydables, comme le Mg. 

Ces études, indispensables pour le choix des modes opératoires dans les usines, 
ont pu étre faites 4 Radio-Cinéma et & nos Laboratoires de Chambéry, en trés peu 


L=80, C=7500 


L=60, C=6000 || 
+++ 
L=80, C=4$00 | 


Fig. 6. Recherche des raies homologues. 


de temps, grace a la souplesse d'emploi de l'appareil. Nous résumons ci-aprés le 
mode opératoire appliqué dans nos usines. 


Modes opératoires 
L échantillon-témoin: 
Le Service de Recherches de Péchiney prépare les échantillons-témoins par coulée continue de lingots 
de 30 kgs au diamétre de 125mm: Ces lingots sont ensuite filés & la presse au diamétre de 55 mm; 
les barres obtenues sont découpées en troncons de 3 cm d'épaisseur qui constitue léchantillon-témoin. 
Trois compositions: tolérances minima, maxima, et moyenne sont utilisées pour chaque genre d’alliage. 

Ces échantillons-témoins sont analysés et vendus par nos soins; une contre-analy se peut étre obtenue 
auprés des Laboratoires du Centre Technique de la Fonderie, & Paris. Leur homogénéité est meilleure 
que celle des échantillons coulés 

L échantillon prélevé dans les usines est un disque de 55 mm de diamétre et 4 mm d’épaisseur, ayant 
sa masselotte au centre. La peau de coulée est enlevée & l'aide d'un outil en carbure. Dans quelques 
cas exceptionnels, tels que certains dosages dans les Alpax ou alliages-méres, on peut faire l'analyse 
directement sur la peau de coulée avec une précision suffisante. 

La comparaison des échantillons coulés aux témoins filés peut nécessiter l'emploi d'un coefficient 
de correction pour le dosage du Magnésium, qui est par exemple de 16%, pour un alliage tel que le 
Duralumin. Des études sont en cours pour comprendre la raison d'étre de ces différences entre structure 
coulée et filée. Les éléments autres que le Magnésium, et dans une faible mesure le Silicium, ne sont 
pas afiectes 

La Contre-électrode est habituellement en graphite; sa forme doit étre rigoureusement maintenue 
d'une analyse a l'autre 

Des contre-électrodes en Aluminium raffiné ont été essayées et donnent d'aussi bons résultats que le 
graphite, mais leur préparation est plus difficile. 

L intervalle d'éclatement est de 3 mm; il importe de diaphragmer toujours la méme partie de I'étincelle, 
ear les rapports d'intensités des raies dépendent du voisinage du disque 

Le générateur utilisé est celui fabriqué par DurR; ses réglages permettent de choisir entre des capacités 
allant de 1500 & 9000 em, et des selfs de 0 & 800 cm. Nous utilisons habituellement 9000 cm de capacité 
et 320 cm de self 

Les temps de flambage sont de 30 secondes pour les alliages dont le Cuivre ne constitue pas la premiere 
raie enregistrée, 45 secondes dans les autres cas. Les durées d'enregistrement sont de 20 secondes par 
élément dosé 

Les alliages analysés comprennent la presque totalité des alliages-méres. Al.Fe 10%, Al.Mn 10%; 
ALCr 3%, ALNi 20°, peuvent s’analyser avec une erreur moyenne de + 3% & 4 %; certains de ces 
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alliages, comme le Al.Cu 50% ne peuvent pas étre usinés, mais l’analyse réussit directement sur la peau 
de coulée avec une erreur moyenne de + 1,5%. 

Parmi les alliages usuels, les types Duralumin et Super-duralumin, A.P.M., l’alliage Y, les Al.Mg de 
3 & 6%, les alliages RR., les diverses variétés des Alpax ont été étudiés; dans tous ces alliages, le dosage 
des éléments & faible ou moyenne teneur, par exemple jusqu’é 4%, se fait sans difficulté, avec une 
erreut moyenne d’environ + 2 & 3%. C'est la méme erreur moyenne que nous trouvons pour le con- 
stituant majeur, telles 13°, Si des Alpax ou les 12°, Mg des Aciéral, mais dans ce cas cette erreur relative 
conduit 4 des écarts absolus plus grands que ceux de l'analyse chimique; il faut donc enregistrer plusieurs 
spectres, dont on prend la moyenne. 

Le dosage du Cuivre a été longuement étudié; le couple 3961 Al-3247 Cu conduit a des dosages d’une 
sensibilité suffisante, mais trés sujette aux moindres variations de la forme des électrodes ou de I ’inter- 
valle entre elles; nous avons cependant pu doser cet élément dans les Duralumins avec une erreur 


moyenne de 3,8%. 
Jusqu’en Septembre 1952, 13 appareils ont été installés en France et en Angleterre; la partie “lecture 


directe” de ces appareils s'est montrée d'une grande robustesse. 


L’analyse de |’Aluminium raffiné 
La teneur habituelle en impuretés de |’Aluminium raffiné est d’environ 0,003% 
de Fe, Siet Cu; la faible densité des raies conduit & des poses de l’ordre de 3 minutes 
sur plaques photographiques. L’analyse par lecture directe avec le générateur 
d’étincelle utilisé manque de sensibilité. 

Dans ce cas particulier, il convient d’utiliser un générateur d’arc. Un tel 
générateur, fournissant un are continu, ou des arcs interrompus de 100 périodes, 
et destiné a l’origine a l’analyse des traces d’impuretés du Cuivre pur, a été mis & 
notre disposition par M. Durr, constructeur du générateur d’étincelle. 

Nous avons étudié un bon nombre de réglages; il résulte de nos essais que 
l'utilisation d’une capacité de 48 uF avec une résistance d’environ 15 ohms conduit 
a des spectres de méme aspect général que ceux donnés par le générateur d’étincelle 
(réglage = 9000 cm. capacités; 800 cm. self), mais environ 8 fois plus intenses. 
La stabilité d’émission, moins bonne qu’avec une étincelle, est cependant suffisante 
pendant les 100 secondes nécessaires pour enregistrer les raies du Fe, Si et Cu. 

L’emploi de trés petits échantillons, dérivé de la technique utilisée par M. 
MILBOURN, conduit 4 des spectres encore plus intenses, par suite de la fusion du 


métal analysé. 

La méme méthode permet l’analyse des impuretés, tels le Plomb, |’Etain, le 
Zinc, contenus a faible teneur, inférieure a 0,05°%, par exemple, dans les alliages 
de seconde fusion. 

L’are peut done rendre de grands services dans l’analyse de |’ Aluminium; 
signalons cependant que les raies du Fer s’affaiblissent en général, comparées 
aux raies des autres éléments. Dans le cas de l’analyse de |’Aluminium raffiné, 
cette difficulté a été surmontée par l'emploi d’un groupe commutateur asservi a 


une minuterie, qui assure automatiquement le passage de |’émission “‘arc’”’ a 


l’émission “‘étincelle” pour certaines raies. 


Un appareillage simplifié pour le dosage exclusif de deux éléments 
Plusieurs appareils simplifiés ont été construits par “‘Radio-Cinéma’’ pour des 
usines de production d’Aluminium. Ces appareils, qui utilisent un nouveau 
spectrographe de la Société Générale d'Optique, n’analysent que le Fe et le Si de 
Aluminium. Trés robustes, ne comportant aucun réglage et insensibles aux 
variations normales de température, ces appareils permettent l’analyse de |’ Alu- 
minium commercial entre 98,0 et 99,85°,, avec une erreur moyenne de + 2° . 
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J. Orsac: L’emploi de l'analyse spectrographique 4 lecture directe dans l'industrie de |’ Aluminium 


L’analyse des alliages de Magnésium 


L’ensemble des alliages de Magnésium, ainsi que le Magnésium industriel lui-méme, 
s’analysent par spectrographie 4 lecture directe, plus facilement méme que |’ Alu- 
minium et ses alliages. 

L’excitation par étincelle est notablement plus réguliére que sur |’ Aluminium 
et ses alliages; il en est de méme avec l’arc interrompu. 


Conclusion 
Les appareils & lecture directe installés dans plusieurs usines d’alliages légers 
assurent une gamme d’analyses qui s’étend sans cesse; les modes opératoires, 
élaborés par Radio-Cinéma et le Service des Recherches Péchiney a Chambéry, ne 
sont pas définitifs, mais permettent déja le contréle de la fabrication de ces 
usines avec une rapidité et précision suffisantes. 


DIscUSSION ON THE Papers BY M. F. HASLER AND J. ORSAG 


The first question dealt with the use of the quantometer for general research analysis instead of 
routine work. Mr. HasLer replied that they had another instrument in preparation for this kind 
of work, which might be commercially available in a reasonable time. This was based on the 
original Dietert research Quantometer and would have 35 channels; 26 fixed and 9 movable, 
combined with the rapid scanning and charge measuring property of the new quantometer. By 
a careful choice of the 26 most useful lines, this should serve for many kinds of analysis in research 
institutes. 

Further speakers from Great Britain raised the question of the useful life of constituents in 
the quantometer and of the economic value of air-conditioning. Mr. HasLer replied that high 
speed tests on the durability of switches were conducted before marketing them, and that air- 
conditioning was in his opinion more economical than the alternative policy of making frequent 
checks on the calibration of the quantometer during routine work; although, with the latest type 
of instrument, this could easily be done so as to compensate for temperature changes. Humidity 
changes had an effect of the spark, which could not be compensated. 

Two further questioners dealt with the interchangeability of new type amplifiers with the 
amplifiers formerly provided with the quantometer and the interchangeability of photo-multiplier 
cells. Mr. HASLer replied that amplifier units of different dates were completely interchangeable; 
and that the introduction of a new photo-multiplier cell would always result in some delay in 
routine analysis before the channel involved gave results as reliable as the rest of the instrument. 

Mr. Mitpourn (J.C.J.) said that it appeared to him that in the quantometer the emphasis 
had been placed on rapid routine analytical control while the apparatus described by M. OrsaG 
was specially qualified for conducting investigations about routine analysis as well as for perform- 
ing it. He agreed with Mr. Has_er that the present need was chiefly for improving methods of 
preparing samples, but would add to this the need for finding a light source which was consider- 
ably less sensitive to the effect of a third element on the relative intensity of the spectra of two 
others. M. Orsac in reply said that a new light source was under development in which the 
spark would be supplied with a larger capacitance than is common in present day sources. He 
went on to explain that whatever source was used, metallurgical factors in the sample would 
continue to influence the spectra. For example, an increase of silicon between 5 and 8% in 
aluminium alloys usually produced a larger drop in the intensity of the aluminium spectrum 
than the rise in the intensity of the silicon spectrum, and he could see no way of getting round 
this kind of effect. Mr. Ramspen of the B.N.F.M.R.A. said that by using one aluminium 
electrode and one graphite and by correctly choosing the polarity of the controlled discharge, 
third element effects could be greatly reduced and occasionally eliminated. M. Orsac replied 
to this that in his experience the use of an arc-like discharge instead of a controlled spark would 
lead to a dangerous lack of reproducibility in aluminium alloy analysis. 
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Session on Infra-red and Raman Spectroscopy 
Thursday 4 September 1952 


C. Cuerrier, L. Verot et R. Wacner: Utilisation de la lumiére modulée dans les uae 
seurs photoélectriques pour le dosage de gaz dans le controle industriel . 
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Spectrochimica Acta, 1953, Vol. 6, pp. 87 to 94. Pergamon Press Ltd., London 


Communication to the Third International Spectroscopy Colloquium, High Leigh, 1952 


Utilisation de la lumiére modulée dans les analyseurs 
photoélectriques pour le dosage de gaz dans le controle 
industriel* 


C. CHERRIER, L. VerRotr et R. WAGNER 
Laboratoire Central de la Sté de St. Gobain, I bis, place des Saussaies, Paris 


Summary—An apparatus is described for following in the factory the progress of a vapour- 
phase reaction by absorptiometric measurements. The apparatus determines the instantaneous 
value of the component in a pipe, operates alarm relays if it departs from preselected values, 
and may control valves. The types of apparatus described are accurate, simple and robust, 
with electronic amplifiers of rugged type. 

The detectors used are photo-multiplier cells with chopped beams and electronic a.c. ampli- 
fiers; the chopping may be by a sector dise but we have preferred a mercury vapour source 
modulated at mains frequency. Compensating beam layout of the apparatus is used, and the 
amplifier has sufficient feedback to secure stability while having enough stages to secure high 
gain. Standardisation of the amplifier is by two built-in filters giving selected output values. 

As examples of the application of the apparatus are the estimation of chlorine from 10~° to 
10-1, of NO, of sulphuric anhydride, of humidity in the range 10-250 mg/m, 


Introduction 


La présente communication, pour rester dans le cadre des préoccupations du 
présent Congrés se bornera a décrire des analyseurs de gaz & lumiére modulée 
utilisés pour le contréle industriel. C’est surtout dans le domaine de l'industrie 
chimique des gaz de synthése qu’ont été mises au point les nouvelles techniques 
de mesure et de contréle concernant |’analyse automatique des gaz. En effet, 
pour les nouvelles synthéses organiques et pour de nombreuses fabrications en 
chimie minérale, il est indispensable de fournir des produits particuli¢rement purs. 
C’est done le contréle de la production, tant au point de vue quantité qu’au 
point de vue qualité, qui a apporté de profondes modifications dans l’appareillage 
existant, et qui a permis de concevoir des appareils mieux adaptés aux différentes 
mesures industrielles ainsiq u’aux exigences actuelles de la fabrication. Pour 
suivre la marche d’un atelier et en étudier son rendement, il faut pouvoir connaitre 
a chaque instant la composition des mélanges; d’autre part, il est essentiel de 
conserver un enregistrement automatique de cette composition, pour qu’en cas 
d’incident de marche de l’atelier, le diagramme permette d’en retrouver les causes. 

C’est ainsi qu’en ce qui concerne l'industrie chimique minérale, se sont posés 
différents problémes d’analyse automatique de gaz qui peuvent étre résolus a 
l’aide de l’appareillage faisant l'objet de la présente communication. 

Lorsque les gaz ou les brouillards 4 analyser présentent des spectres d’absorption 


* Tous les Appareils décrits dans la présente communication sont brevetés. 
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caractéristiques dans le domaine du visible ou du proche ultra-violet, on peut 
utiliser l’analyseur photoélectrique décrit ci-dessous. I] permet par exemple: 
le dosage du chlore dans l’acide chlorhydrique gazeux, 
le dosage de l’anhydride sulfureux avant et aprés catalyse dans la fabri- 
cation de l’acide sulfurique, 
le dosage de l’humidité contenue dans |’anhydride sulfureux, 
le dosage du peroxyde d’azote. 


Fig. 1. Schéma de principe. 


Ces appareils servent 4 contréler une fabrication en atelier de fagon permanente; 
ils ont done été concus en vue de cette utilisation, avec tout ce qu’elle comporte 
de servitudes, tant au point de vue sécurité de marche et protection, qu’au point 
de vue facilité de réglage et d’entretien. 

Nous indiquerons briévement les propriétés principales de cet analyseur. 

(1) Jl doit étre précis et fidéle, car il doit pouvoir contréler la pureté des corps 
avec le plus de précision possible sans que les résultats puissent étre altérés au 
cours du temps. 

(2) L’appareillage doit étre simple et robuste: 
robuste, en raison méme de son utilisation en atelier industriel et de la présence 
de vapeurs corrosives 4 l’endroit de fonctionnement, 
simple, car l'utilisateur ne doit pas avoir recours & des mesures compliquées et 
fastidieuses pour surveiller la bonne marche de son appareil et vérifier la valeur 
des résultats indiqués. 

(3) L’analyseur comporte un amplificateur électronique, indispensable pour 
obtenir une grande sensibilité, pour enregistrer d’une maniére continue les varia- 
tions éventuelles de la concentration du gaz 4 doser, et pour étre muni d’une 
alarme se déclanchant pour une teneur dépassant un certain taux fixé a priori. 
Enfin, il doit pouvoir commander & distance des vannes de fermeture grace 4 des 
servomécanismes appropriés. 


Principe de fonctionnement (fig. 1) 
Nous utilisons comme principe |’absorption lumineuse sélective des gaz, détectée 


par cellule photoélectrique. Il existe déja de nombreux analyseurs photoélec- 
triques de laboratoire, utilisant des amplificateurs 4 courant continu 4 plusieurs 
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étages. Ces appareils sont trop fragiles pour étre utilisés en usine; nous avons 
done réalisé un analyseur photoélectrique 4 lumiére modulée, comportant un 
amplificateur 4 courant alternatif. La source lumineuse peut étre modulée électri- 
quement ou mécaniquement; électriguement, en utilisant une lampe a décharges 
alimentée par un oscillateur basse fréquence comprenant un oscillateur pilote et 
un ou plusieurs étages de puissance; mécaniquement, en utilisant une lampe a 
incandescence et en interposant entre le tube d’analyse et la lampe un obturateur 


CELLULE 
D'ANALYSE 


CELLULE DE 
COMPARAISON 


FILTRE OPTIQUE 


/ | \LUBE A DECHARGE 
DIAPHRAGME/ | \DéCHARGE 


Fig. 2. Montage du systéme optique. 


périodique. Toujours pour des raisons de robustesse et de simplicité, nous avons 
préféré utiliser comme source de lumiére modulée, une lampe 4 décharges, a 
vapeur de mercure dans la majorité des cas; le courant photoélectrique recueilli 
est ainsi modulé a une fréquence double de celle du secteur d’alimentation; nous 
avons adopté un montage classique, la cellule de mesure étant en opposition avec 
une deuxiéme cellule de comparaison; un amplificateur sélectif, 4 plusieurs 
étages, 4 contre-réaction sélective permet d’obtenir un gain trés élevé et une 
bonne stabilité de mesure; un détecteur placé a la sortie de |’amplificateur alimente 
les appareils de mesure, les enregistreurs et les alarmes. 


Description de l’analyseur 
(1) Dispositif optique—Source de lumiére modulée (fig. 2) 

L’utilisation de la modulation du courant photoélectrique impose évidemment 
l'emploi d’une lampe 4 décharges; celle-ci est du type “vapeur de mercure’”’ 
(lampe Puiuips). Pour les dosages effectués dans le domaine du visible, on emploie 
une lampe a enveloppe de verre (radiations émises: entre 4000 et 6000 A). Pour 
le proche ultra-violet, c’est également le méme type de lampe, mais avec enveloppe 
de quartz (radiations émises: 2600-4000 A). 

Immédiatement au-dessus du tube a décharges se trouve placé un diaphragme 
(trou de l’ordre de 3 &4 6mm de diamétre) permettant de n‘utiliser qu’un fin 
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faisceau lumineux et par conséquent d’éviter les fluetuations du courant photo- 
électrique dies aux déplacements de la décharge dans le tube. Sur ce diaphragme 
est placé un filtre coloré bleu permettant d’éclairer le tube de circulation gazeuse en 
lumiére monochromatique, correspondant aux bandes d’absorption du corps a doser. 

Le dispositif de concentration du faisceau lumineux comporte essentiellement 
une lentille de distance focale f = 6 & 8cm et deux prismes a réfléxion totale 
accolés par une aréte grace auxquels le pinceau de lumiére tombant sur |’aréte 
commune est transmis d’égale fagon vers les deux cellules (mesure et comparaison). 

Pour les dosages dans le spectre visible, les prismes et la lentille sont réalisés 
en verre uviol VUV2 dont le facteur de transmission pour les longueurs d’onde 
utilisées est supérieur & 90°. Dans le cas du proche ultra-violet, le dispositif 
optique précédent ainsi que les faces planes du tube d’analyse sont constituées 
en quartz. 

A la sortie de ce systéme optique, les deux rayons lumineux obtenus sont 
dirigés l'un a travers le tube d’analyse vers la cellule d’analyse, |’autre directement 
vers la cellule de comparaison. 


(2) Cellules photoelectriques 


(a) Domaine due spectre visible: les cellules sont due ty pe RCA 929 & maximum de sensibilité dans 
le bleu (la gamme de sensibilité s'étend de 3200 a 5500 A avec maximum a 4000 A). 

(b) Domaine du proche ultra-violet: cellules du type RCA 935; la gamme de sensibilité va de 2500 
& 4500 A avec maximum a 3200 A. 

Les cellules sont montées en opposition (voir fig. 3). La cathode de lune étant reliée a l’anode de 
autre par |'intermédiaire d'un potentiométre de réglage. On recueille une tension alternative de 
fréquence 100 au point milieu de ce potentiométre, lorsque les deux flux lumineux sont légérement 
differents (par exemple lorsqu’il y a un passage de gaz a doser dans le tube d’analyse). 

Cette tension est transmise 4 la grille de la premiére lampe amplificatrice par l'intermédiaire de la 
capacité C,, la capacité C éliminant les fréquences élevées. Comme il a été signalé plus haut, le potentio- 
métre P sert & régler au zéro l'amplificateur, en annulant la tension sur la grille de la lampe en l'absence 
de circulation gazeuse dans le tube, c'est a dire lorsque les deux cellules recoivent le méme flux lumineux. 


Fig. 3. 


Schéma de principe de |'’amplificateur. 


(3) Amplificateur (fig. 3) 


L’amplificateur a été congu en vue d’obtenir a la fois une grande sensibilité et une trés forte stabilité 
des mesures. C'est ce qui nous a conduit a réaliser un amplificateur 4 plusieurs étages et a contre-réaction 
sélective. 

Le signal 4 100 périodes obtenu 4 la sortie des cellules est appliqué sur la grille de la premiére lampe 
4 travers un diviseur de tension a résistances permettant d’obtenir les différentes sensibilités de l'appareil; 
le commutateur K modifie la valeur de la résistance grille d’entrée. 

Ce premier étage d' amplification est coupléal'étage suivant par l'intermédiaire d'un transformateur 

Le second étage d'amplification présente la caracteristique principale d’étre sélectif grace A un 
montage avec circuit de contre-réaction favorisant la fréquence du signal. Ce dispositif nous permet 
d’obtenir une trés grande stabilité. 

Le signal sortant du transformateur de liaison est amplifié par la lampe L2 (penthode amplificatrice 
6J7), puis est transmis au circuit de contre-réaction par la lampe L3 montée en cathode follower et 
servant d'adaptateur d'impédances pour attaquer le circuit de contre-réaction. Celui-ci est du type 
classique: montage en double T avec éléments résistances-capacités. La courbe de sélectivité d’un tel 
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circuit est montrée sur la fig. 4; on voit que sa largeur de bande est de l’ordre de +5 périodes. Le 
circuit transmet donc sans affaiblissement toutes les fréquenees autres que la fréquence du signal. Par 
suite, toutes ces fréquences sont soumises 4 une forte contre-réaction et pratiquement éliminées; seule 
la fréquence & 100 périodes du signal est transmise et amplifiée normalement. Signalons qu’il peut étre 
utile d’agrandir la largeur de bande du circuit sélectif, notamment lorsque la fréquence du secteur 
d’alimentation n'est pas stable; le signal étant 4 une fréquence double de celle du secteur, les écarts 
de fréquence sont en effet multipliés par 2. 

La sortie de l’amplificateur sélectif (voir fig. 3) est couplée par capacité & un détecteur équilibré 
(lampe L4) composé de deux élements triodes absolument identiques. 

L’alimentation haute tension de ce détecteur se fait & travers un potentiométre de réglage qui permet 
l’équilibrage et par suite la mise au zéro du voltmétre de sortie en l’absence du signal. 

Pour enregistrer commodément la tension de sortie et faire déclencher un relais pour une valeur 
donnée de la tension (c'est 4 dire de la concentration gazeuse) nous avons placé 4 la suite du détecteur un 
étage adaptateur & doubles cathodes asservies (lampe 15). Entre les deux cathodes se trouvent branchés: 

le voltmétre de sortie indiquant la teneur du gaz, 
l’enregistreur donnant de facon continue les variations de concentration, 
le relais d’alarme signalant la présence d'une concentration donnée dans le tube d’analyse, 

Pour completer la description de l'amplificateur, signalons que l'alimentation haute tension doit 
étre soignée au double point de vue stabilité (réalisée par une lampe stabilovolt) et du filtrage (nécessité 
d'éliminer le résidu de filtrage & 100 périodes qui risquerait de perturber le fonctionnement de |’ampli- 
ficateur). 


(4) Realisation pratique de appareil 
L’analyseur se présente sous la forme d’une armoire complétement étanche avec 
surpression d’air comprimé assurant le refroidissement de la lampe 4 vapeur de 
mercure et évitant les rentrées de vapeurs corrosives a |’intérieur. 
On distingue successivement: 
(1°) Le compartiment d’alimentation comprenant l'autotransformateur de régulation 
a fer saturé et le transformateur utilisé pour la lampe a vapeur de mercure, ainsi 
que les organes de commande de |'analyseur. 
(2°) L’amplificateur de mesure, monté sur un chassis amovible facilement trans- 
portable en dehors de l’armoire grace a des jacks male-femelle. Seuls le relais 
d’alarme et le potentiométre de réglage du zéro ne sont pas montés sur ce chassis, 
mais sont fixés sur le cété de l’armoire pour des commodités de réglage. 
(3°) Le banc d’optique sur le quel sont disposés: 
la cellule d’analyse, 
la cellule de comparaison avec son diaphragme de réglage, 
le dispositif optique d’éclairage avec la lampe a décharges, la lentille et 
les deux prismes. Le tube d’analyse est solidaire du couvercle de |’armoire, 
il peut done trés facilement étre retiré pour un nettoyage par exemple, ou 
remplacé par un tube identique préalablement nettoyé. Cette faculté de 
démontage nous a été imposée en raison du fonctionnement de l'appareil sur 
des conditions de gaz industriels; des dépé6ts peuvent en effet se produire au 
bout d’un certain temps et provoquer l’encrassement du tube et par suite 
entrainer une inexactitude dans |’étalonnage. Nous verrons par la suite 
comment on peut vérifier 4 tout moment |’étalonnage initial. 
Signalons enfin que le voltmétre de mesure et les lampes de sécurité et d’alarme 
sont placés sur la porte avant. 


(4°) Organes de réglage de l'analyseur: 

Le réglage de l'appareil se raméne a une simple égalisation des flux lumineux. 
On déplace un diaphragme mobile devant la cellule de comparaison. On parfait 
ce réglage en manoeuvrant le potentiométre P, d’entrée de l’amplificateur (voir 
description du montage des cellules). 
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La vérification de |’étalonnage de l'appareil se fait trés commodément de la 
facon suivante: 

On intercale sur le trajet des rayons lumineux des filtres colorés convenables 
grace & un porte-objectif 4 revolver. Ces filtres au nombre de deux ont été choisis 
au moment de |’étalonnage pour donner naissance & deux tensions de sortie V1 
et V2 soigneusement repérées sur les courbes d’étalonnage de l'appareil; il est 
done possible de vérifier ainsi en cours d'utilisation le fonctionnement correct de 
l’analyseur. Les filtres sont constitués par des verres colorés d’épaisseur déterminée 
au moment des essais. 


(5) Resultats obtenus 


Nous décrivons pour terminer les divers types d’appareils réalisés suivant les 
caractéristiques exposées plus haut, en donnant pour chacun d’eux les performances 


essentielles. 


(1) Analyseur a chlore: (optique en uviol) 
Cet appareil est utilisé pour déceler les traces de chlore dans |’acide chlorhydrique 
de synthése. I] comporte 5 gammes de sensibilités. 

La gamme la plus sensible s’étend de 0 & 0,25°% de Chlore avec un minimum 
de concentration décelable de 0,005°%,; la gamme la moins sensible peut aller 
jusqu’aé une concentration de 1% au plus de chlore. 


(2) Analyseur a4 anhydride sulfureux 

Pour ce gaz, on peut utiliser les bandes d’absorption situées dans les gammes 
comprises entre 3050 et 3200 A, et 2650 et 2850 A. Tout l’appareillage optique 
est exécuté en quartz. 

Pour améliorer la sensibilité de l'appareil, on interppse entre la source lumineuse 
et le tube d’analyse un filtré optique laissant passer exclusivement les longueurs 
d’ondes correspondant aux bandes d’absorption utilisées, c’est & dire comprises 
dans le domaine 3050-3200 A. Le filtre est réalisé par le dépét par distillation 
sous vide d’une mince couche d’argent sur une lame de quartz. En faisant varier 
l'épaisseur du dépét d'argent, on peut réaliser toute une gamme de filtres de 
caractéristiques optiques différentes, la largeur de bande transmise étant d’autant 
plus faible que le dépét est plus épais. Le dépét d’argent est protégé par une 
deuxiéme lame de quartz. 

Sil l’on utilise les bandes d’absorption comprises entre 2650 et 2850 A, le filtre 
peut étre constitué par un dépét de potassium sur quartz; on peut également 
utiliser des filtres liquides du type Christiansen constitués par une suspension de 
quartz dans un mélange de cyclohexane et de décahydronaphtaléne: mais leur 
emploi est assez délicat en raison de la nécessité de les thermostater. 

Au point de vue sensibilité, l'appareil comporte également 5 gammes; avec 
la premiére gamme on dose depuis 0,005% d’anhydride sulfureux jusqu’a 0,25%, 
la derniére gamme s'étendant de 0,1°% a 1% (cas du dosage de SO, aprés catal yse— 
fabrication de |’acide sulfurique). 

On peut également doser SO, dans la zone comprise entre 0 et 7% avant 
catalyse. 
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(3) Analyseur a peroxyde d’azote (optique en uviol). 

Pour ce gaz nous envisageonsdeux cas d'utilisation suivant la concentration en 
NO, (atelier de fabrication d’acidenitrique par le procédé Fauser par exemple). 
(a) Dosage des faibles teneurs en NO, l'appareil peut déceler des teneurs en peroxyde 
d’azote depuis 0,005°% jusqu’a 0,5%,. 

(b) Dosage des fortes teneurs en NO,. La zone de dosage se situe entre 10 et 12%; 
l’analyseur est en effet utilisé pour doser le NO, produit aprés |’oxydation cata- 
lytique de l’ammoniac (procédé Fauser). L’opération doit se faire 4 température 


Fig. 4. Analyseur & humidité. Fig. 5. Analyseur 4 humidité. Vue intérieure. 


constante; les gaz sont pris a la température de 600°; on abaisse cette température 
tout en restant au-dessus du point de rosée; les gaz sont ensuite réchauffés dans 
l'appareil maintenu a température constante (200°). Enfin une arrivée d’air 
auxiliaire permet l|’oxydation totale du NO existant en NO,, avant de passer dans 
l’analyseur. 

De plus, pour avoir une bonne sensibilité, le zéro de l'appareil est décalé 
optiquement et électriquement au moyen d'un filtre coloré convenabie. 

Cet analyseur est trés utile, notamment pour la comparaison des toiles de 
platine entre elles. 
(4) Analyseur a humidité. 
Cet appareil, semblable aux précédents par son principe de détermination photo- 
électrique, est concu différemment (fig. 4). Le gaz dont on veut connaitre la 
teneur en humidité circule sur de l’oléum de titre connu et on mesure |’opacité 
du brouillard ainsi formé. La circulation du gaz se fait & contre-courant du débit 
d’oléum réglé par un capillaire; le gaz chargé de |’aérosol ainsi formé, passe a 
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travers un filtre & grosses particules avant de pénétrer dans le tube analyseur. 
L’ensemble de l’appareillage est maintenu dans une enceinte thermostatée. La 
vérification de l’étalonnage s’effectue trés facilement en faisant passer dans 
l’appareil de l’air sec ou de lair conditionné (fig. 5). 

La gamme de mesures s'étend depuis 10 milligrammes jusqu’a 250 milligrammes 
d’eau par métre cube. 


Conclusions 


Nous venons de voir quels étaient les principaux résultats obtenus avec l’analyseur 
photoélectrique & lumiére modulée; dans tous les cas exposés ci-dessus, le méme 
appareil convient; seuls quelques détails de réalisation apparaissent suivant la 
nature du gaz a doser. Il est possible avec notre appareillage de suivre en atelier 
la marche d’une réaction de synthése en phase gazeuse; a chaque instant on peut 
connaitre la teneur d'un gaz donné dans la conduite sous contréle. 

D’autre part, des relais d’alarme peuvent se déclencher A partir d'une con- 
centration fixée a priori et éventuellement entrainer la fermeture des vannes. 

Nous avons ainsi étendu le champ d’application des mesures photoélectriques 
jusqu’a l’atelier lui-méme en fournissant al’ingénieur de fabricationun instrument 
de travail propre a lui faire suivre la marche de sa production. 


Sommaire 


Nous décrivons un appareil permettant de suivre en atelier la marche de réaction de synthéses 
industrielles en phase gazeuse. 

L’analyseur présenté détermine & chaque instant la valeur de la concentration d'un gaz 
donné dans la conduite sous contrdle. 

Il répond aux caractéristiques principales suivantes: étre précis, simple et robuste, facile- 
ment démontable et interchangeable. I] comporte un amplificateur électronique indispensable 
pour obtenir une grande sensibilité et une grande stabilité de mesure. 

Le principeutilisé est celui de ‘absorption lumineuse sélective d'un gaz détectée par une 
cellule photoélectrique. La lumiére est modulée électriquement par une lampe a décharges & 
vapeur de mercure, ce qui entraine une modulation du courant photoélectrique 4 une fréquence 
double de celle du secteur d’alimentation. L’amplificateur 4 courant alternatif comporte 
plusieurs étages et une contre-réaction sélective assurant une trés bonne stabilité compatible 
avec une grande sensibilité. 

Nous donnons ensuite une description rapide des appareils fonctionnant en usine, ainsi 
que des exemples d’application. 
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Communication to the Third International Spectroscopy Colloquium, High Leigh, 1952 


Systematische Ultrarot-Untersuchung der (C—O—C)-Gruppe in 
organischen Verbindungen 


H. TscHAMLER 


I. Chemisches Laboratorium der Universitat Wien, Wien IX, Osterreich 


Fir eine systematische Ultrarot-Untersuchung (C—O—C)-Gruppen  ent- 
haltender organischer Molekiile ergeben sich zwei Médglichkeiten, u. zw. (a) 
Untersuchungen im Spektralbereich der Geriist-Dehnfrequenzen oder, (b) im 
Bereich der Geriist-Knickschwingungen. Wir haben den erstgenannten Weg 
beschritten, da die Geriist-Dehnschwingungen innerhalb des mit einem NaCl- 
Prismas ausgestatteten Spektrometers liegen und daher auch die grosse Zahl der 
bereits in der Literatur vorliegenden Ultrarot-Aufnahmen der verschieden- 
artigsten die (C—-O—C)-Gruppe enthaltenden, organische Verbindungen ver- 
wendet und durch die eigenen Messungen leichter véllig komplettiert werden 
konnte. 

Da bei der (C—O—C)-Gruppe polare Bindungen zwischen C und O vor- 
liegen, die Bewegungen polarer Bindungen stets grosse Anderungen des Dipol- 
moments verursachen, sind gewisse mit der (C—O—C)-Gruppe verkniipfte 
Geriist-Dehnschwingungen im Ultrarot-Spektrum als intensive und breite Banden 
zu erwarten. 

Wie bekannt, liegen die C—C-Geriist-Dehnfrequenzen gesittigter organischer 
Verbindungen zwischen 1050 und 800 cm~!, und da zwischen C—O eine gréssere 
Bindekraft vorliegt als zwischen C—C, sind gewisse Geriist-Dehnfrequenzen von 
Molekiilen, die die (C—O—C)-Gruppe enthalten, bei Adheren Frequenzen zu 
erwarten, so dass sich der Bereich simtlicher Geriist-Dehnfrequenzen von ca. 
1300 bis 800 cm~! erstrecken kann. Der auch durch Frequenzen anderer Normal- 
schwingungen noch am wenigsten gestérte Teil dieses Spektralbereiches liegt 
zwischen 1250 und 1000 cm~-', da dann, wenn keine besondere Hiufung an CH,- 
oder (und) CH,-Gruppen in der untersuchten Verbindung vorliegen, nur mittel- 
starke Banden, die den CH,-wagging-oder (und) CH,-twisting-Schwingungen 
zuzuordnen sind, auftreten. 

Uberblickt man allgemein simtliche Klassen von organischen Verbindungen, 
die (C—O—C)-Gruppen enthalten, so kann man grundsitzlich folgende drei 
Typen unterscheiden: 


(1) 
(2) —=C—O—C— 
(3) =C—O—C= 


Es erhebt sich nun die Frage, ob und wie die Frequenz einer an der Doppel- 
bindung liegenden C—O-Bindung durch die Doppelbindung beeinflusst wird. 
H. W. Tompson und P. Torkineton haben in ihrer systematischen Arbeit 
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iiber Ester, die Typ 2 zugehéren, aus Analogieschliissen auf ungleiche C—O-Bin- 
dungen hingewiesen. Diese Annahme wurde von A. ELLiot und Mitarbeitern 
durch ihre Untersuchungen mit polarisierter Ultrarot-Strahlung an gestreckten 
Polyvinylacetat-Filmen bekraftigt. L.PauLine und Mitarbeiter haben sich allgemein 
mit der Anderung des Atomabstandes unter dem Einfluss der Erhéhung des 
Doppelbindungskarakters beschaftigt und festgestellt, dass der Atomabstand beim 
Ubergang von der reinen Einfachbindung zu zunehmendem Doppelbindung- 
skarakter verhaltnismissig stark verkleinert wird, demnach die Bindefestigkeit 
der Einfachbindung unter dem Einfluss des Doppelbindungskarakters erhéht wird, 
was spektroskopisch die Verschiebung einer bestimmten Frequenz zu einem 
héheren Wert zur Folge hat. 

Herr H. Voretrer (Technische Hochschule Wien) hat nun unter Verwendun 
eines einfachen Potentialansatzes, der nur Valenzkraftkonstanten und Valenz- 
winkelkraftkonstanten enthalt, fiir die Modelle 


die Lagen der Geriist-Dehnfrequenzen berechnet, wobei im Modell 3 die der 
Doppelbindung benachbarte C—O-Valenzkraftkonstante um 10% hoher und im 
Modell 4 beide C—O-Valenzkraftkonstanten um 15% héher angesetzt wurden. 
Das Ergebnis ist folgendes: bei Typ | ist eine (um 1120 cm-'), bei Typ 3 ist eine 
(um 1220 cm-') und bei Typ 2 sind zwei (um 1200 cm-! und um 1080 cm-') fiir 
die (C—O—C)-Gruppe karakteristische ultrarot intensive Banden zu erwarten. 
Wie die Abbildung eines ausgewahlten experimentellen Materials zeigt, werden 
unsere Uberlegungen eindeutig bestatigt; Gruppe I und V gehéren zu Typ 1, 
Gruppe II und VI zu Typ 3, Gruppe VIII zu Typ 2. Gruppe III und VII schliessen 
sich sinngemiss Typ 1, Gruppe IV dem Typ 3 an, wobei aber offenbar durch die 
(O—C—O)-Gruppe neben der (C—O—C)-Gruppe eine Bandenaufspaltung eintritt. 
Ferner ist noch zu bemer ken, dass offensichtlich dann, wenn eine konjugierte 
Doppelbindung an einer C—O-Bindung sitzt, eine weitere kleine Erhéhung der 
durch die Doppelbindung an der C—O-Bindung an sich schon erhéhten Frequenz- 
lage feststellbar ist. 

Da es mit Hilfe des Ultrarot-Spektrums zwischen 3500 und 600 cm keine 
besonderen Schwierigkeiten bereitet, die Klasse der die (C—O—C)-Gruppe 
enthaltenden organischen Verbindung zu identifizieren, stellt diese systematische 
Untersuchung vorerst qualitativ eine viel raschere als jede andere Methode dar, 
die Anwesenheit von Sauerstoff und dessen Verkniipfung mit den anderen Geriist- 
Atomen in einem Molekiil zu bestimmen. Neben vielen anderen praktischen 
Anwendungsmiéglichkeiten soll besonders (1) auf die rasche Festlegung der 
Methylendioxygruppe, die in zahl reichen Naturstoffen und Pharmazeutikas 
vorkommt, (2) auf die einfache Verfolgung des Hartungsvorganges von Phenoplasten 
und (3) auf die Még lichkeit der stufenweisen Kontrolle der Acetalisierung von 
Polyvinylalkohol hingewiesen werden. 


Discussion ON THE PareR By H. TscHAMLER 


Dr. H. W. Txompson (Oxford), speaking on the paper of Dr. TscHamMier (Vienna) thought 
that what Dr. Tscuamuer had said was quite correct, but in actual problems when given a 
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substance and asked whether it does really contain the C—O—C grouping or not, it was 
1arely possible to give a definite answer. In a complex organic molecule the effect of other 
yroups may be to shift the characteristic bands due to this group, and even to modify their 
intensity, so that the definite identification of the (—O—C grouping may be impossible. 
As an example, the problem of the structure of penicillin may be given, a (—0O radicle was 
suspected and a great deal of work was needed to prove its presence from the infra-red spectrum. 
Dr. THOMPSON cited another example later, where a difficulty had been found in making nylon 
from adipo-nitiile, which had to be reduced to hexamethylene diamine. Two batches of raw 
material which were chemically indistinguishable were made to give infra-red spectra, and from 
one of these spectra an intrusive substance was diagnosed, which was only present to the extent 
of 0.25 per cent; this substance was removed chemically and the production problem was solved. 

Dr. DetnuM then cited a difficulty in diagnosis, relative to the para di-substituted benzene 
compounds, where a long chain compound of this type gave an unexpected infra-red spectrum. 
Examination of the ultraviolet absorption spectrum, however, showed it to be a typical 
p-disubstituted compound, as anticipated. 
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Communication to the Third International Spectroscopy Colloquium, High Leigh, 1952 


Analyses d’essences par spectrometrie infra-rouge 
J. FAVRE 


Départment de Physique, Institut Francais du Pétrole, Paris 


Summary—A method of analysis has been studied and is now daily used for the analysis of 
petroleum gasolines. 


The individual components, paraffins (normal and iso) naphtenes and aromatics are dosed in 
five fractions from 20° up to 100°C. For the higher boiling fractions there is a tentative method 
of knowing the number of CH,, CH, and CH. 

In the cracking gasolines it is possible to evaluate five types of olefins in the whole range of 
distillation. The absorption coefficients have been determined as a function of the temperatures 
of the cuts (or their molecular weight). 

The necessary time (obtaining of spectra and calculations) for the evaluation of individual 
components up to 100°C is six hours. Four hours are required for the evaluation of the olefin 
families. 

Des analyses trés poussées d’essences ont été publiées [1, 2 et 3], mais il s’agissait 
d'études utilisant des séparations minutieuses et longues, difficiles 4 mettre en 
oeuvre pour des analyses en série. 

En effet se posait 4 nous le probléme de |’analyse des essences tirées des bruts 
traités par les raffineries francaises (en provenance du Moyen-Orient le plus 
souvent) et des bruts produits en France ou dans les territoires de |’Union 
Francaise. 

Nous décrivons ici la méthode utilisée dans les laboratoires de |'Institut 
Francais du Pétrole. Nous nous sommes efforcés de réduire au maximum les 
séparations et les calculs. Cette méthode nest pas fixée dans des cadres rigides et 
se modifie et se perfectionne au fur et A mesure des analyses. Nous en décrivons 
laspect actuel. 


Instrumentation 


Nous utilisons un spectrographe Perkin-Elmer modéle 12 C a optique de sel 
gemme. La région spectrale utilisée va de 7,5 microns a 15 microns. L’appareil 
est utilisé avec un mécanisme de conduite de fente automatique donnant une 
courbe de fond & peu prés constante (fente 0.120 mm a 7.5u et 0,650 mm a Ldn). 
La densité optique Log /,// est calculée aux différentes longueurs d’onde d’analyse, 
/, est donné par la courbe de transmission d’une lame de NaCl de transparence 
équivalente a celle de la cellule de mesure, la lumiére diffusée est donnée par 
l'interposition sur le faisceau infra-rouge d’un écran en Fi. 


Nous étudierons successivement les essences straight-run (sans oléfines) puis 
les essences de cracking. 
I. Essences straight-run 
Ces essences sauf cas trés rare (bruts de certains puits de Pennsylvanie |4]) ne 
contiennent pas doléfines. 


Le tableau | montre le déroulement de l'analyse telle que nous l'avons effectuée 
jusqu'a maintenant. 
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Tublean 


Coupes Corps Doses 


Infra-rouge | | Butane, Isobutane par 
qualitatif | spectrométrie de masse 


—| II 30-40 | ———| Pentane et Isopentane 


| Pentane, 2—2 diméthylbutane 


Ill 40-60 2-3 diméthylbutane, 2 méthylpentane 


3 méthylpentane, cyclopentane 


2 méthylpentane, 3 méthylpentane 
SY |... Hexane, 2-3 diméthylbutane 
Methylevclopentane, Benzéne 


Hexane, 2 méthylhexane, Benzéne 
3 méthylhexane, 3-3 diméthylpentane 
2-4 diméthylpentane, Cyclohexane 
73-90 | 1-1 diméthyleyclopentane 

2-2-3 triméthylbutane, 2-3 diméthyl- 
pentane, diméthypentane 


DISTILLATION |— 


3 méthylhexane 
Heptane 

4 2 méthylhexane 
1 3 éthylpentane 


| 4 2—2-4 triméthyl- 
O pentane 
VI 90-100 |— Toluéne — 2-3 diméthylpentane 


Méthy ley clohexane 


T cis 1-2 diméthyleyclo- 
I pentane 

O Les quatre autres 
diméthyleyclo- 


pentanes 


Toluéne 
—|VII 100-125 |— — 
Xy lenes 


I 
L Dosage des 
| VIII 125 130 Xylénes I Groupements 
= Ethylbenzéne c CH,, CH,, CH et C 


Aromat iques || 
iX Résidu \—| par Raman | 
ou 
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Tout d’abord lessence est distillée dans une colonne a remplissage genre 
Fenske, dont lefticacité est voisine de trente plateaux théoriques. Nous obtenons 
ainsi huit coupes et un résidu (les températures de coupe sont données dans le 
tableau |). Les spectres de ces huit coupes sont enregistrés et on procéde dans les 
fractions IV a VIII au dosage des aromatiques. II est parfois nécessaire, si la 
quantité d’aromatiques est trop importante et leur absorption trop forte, d’opérer 
une dilution dans le méthyleyclohexane et de procéder & un nouvel enregistrement 
du spectre dans la région intéressante, 12,5 4 15 microns. On peut alors procéder 
au dosage de ces aromatiques par la méthode de la ligne de base. Les paraffines et 
les naphténes peu absorbants dans cette région du spectre ne génent pas. 

Les coupes sont alors séparées en deux groupes: 

Les cing premiéres dont les spectres peuvent étre etudiés sans plus de 
traitement: le seul aromatique possible est le benzéne dans les fractions IV 
et V. 

Les quatre suivantes qui sont percolées a travers un gel de silice qui retient 
les aromatiques. On enregistre alors le spectre de la fraction VI désaromatisée. 
Sur les six spectres ainsi obtenus nous effectuons le dosage des paraffines et 
des naphténes. Ceci se fait par application de la loi de Beer. 


Aprés examen des spectres des differents constituants possibles dans une 
fraction, nous choisissons des longueurs d’onde of l'un des corps est nettement 
plus absorbant que les autres. Nous choisissons aussi autant de longueurs d’onde 
que de constituants possibles. Le tableau 2 donne les longueurs d’onde que nous 


Tableau 2 


Longueur d’onde || Corps 4 deser | Longueur donde 


Corps a doser de dosage | de dosage 


| 
microns microns 


2 méthylbutane | 10,27 2-3 diméthylpentane 8,91 
Pentane 13,77 Les diméthyleyclopentanes 10,16 
(yclopentane 11,16 2 méthylhexane 12,12 
2-2 diméthylbutane 12,80 3 méthylhexane 13,54 
2-3 diméthylbutane 8,92 3 éthylpentane 11,12 
2 méthylpentane j 13,50 Heptane 13.86 
3 méthylpentane 10,15 ou 12,88 2-2-4 trimethylpentane 8,02 
Hexane 13,78 Méthyleyclohexane 10,35 
Méthylcyclopentane 10,24 Benzene 14,86 
2-2 diméthylpentane 8,00 Toluéne 14,45 
2-4 dimeéthylpentane 12,37 Ethylbenzéene 14,36 
(‘yclohexane 11,00 Orthox yléene 13,48 
2-2-3 triméthyl butane 12,00 Métaxyléne 13,05 
3-3 dimethylpentane 12,76 Parazylene 12.59 


avons sélectionnées pour chacun des corps. Nous calculons alors le coefticient 
dabsorption de chacun des constituants aux longueurs donde de lanalvse. 

Les coefticients dabsorption ont été établis généralement a partir des corps 
purs (fournis par le National Bureau of Standard. pureté voisine de 99.9°,, molaire). 
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Tableau 3 


Corps Doses 


2 méthylbutane 
I 15-45 Pentane 
Cyclopentane 


Les isohexanes 


II 45-63 Cyclopentane 
Benzéne 


Hexane 
Ill 63-75 Méthylcyclopentane 
Benzéne 


Isoheptanes di ou tri méthylés 
| IV 75-85 Cyclohexane 
Benzéne 


Isoheptanes monométhylés 
| V 85-95 Les diméthylcyclopentanes 
Toluéne 


Heptane 
Six Isooctanes di ou 
tri méthylés 
Méthyleyclohexane 
Ethylcyclopentane 
Deux triméthylcyclo- 


VI 95-109 Toluéne 


7am 


pentane 
= Xylénes 
VEE 860-138 Ethylbenzéne 
Dosage des 
y CHy, CH,, CH, C 


IX 
par Raman 
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A défaut nous avons utilisé des produits Phillips ‘pure grade’’ (99%, environ). 
Pour quelques corps, les coefficients ont été calculés & partir des meilleurs spectres 
trouvés dans le catalogue des spectres édités par |’'American Petroleum Institute. 

Quatre des diméthylcyclopentanes sont dosés en bloc, excepté le cis 1-2 
diméthyleyclopentane. En effet, ces hydrocarbures ont une bande commune 
d’absorption & 10,17 microns avee des coefficients d’absorption relativement 
voisins. Nous utilisons comme coefficient la moyenne des quatre. 

Nous sommes conduits & résoudre des systémes d’équations linéaires a 2, 6, 5, 
10 et 9 inconnues. La résolution de tels systémes s'effectue par la méthode rapide 
de Crovt [5]. Cette méthode passe par l'intermédiaire d‘une matrice auxiliaire 
dont le calcul a partir de la matrice des coefficients d’absorption est assez laborieux. 
Mais une fois cette seconde matrice obtenue la résolution d’un systéme devient 
trés courte: il faut environ dix minutes pour résoudre un systéme a dix équations. 

L’ensemble de ces dosages nous donne les proportions de 17 paraffines, 9 
naphténes et 6 aromatiques, dont le total représente 40% & 60% de l’essence 
totale. 

L’expérience nous a amené a reconsidérer les températures des coupes de 
distillation utilisées juqu’A présent. Nous basant sur le passage au cours de la 
distillation des paraffines normales et des différents naphténes nous avons établi 
un nouveau découpage pour l’analyse (Tableau 3). Sans augmenter le nombre des 
coupes ni le nombre de constituants par coupe, nous pourrons doser 22 paraffines, 

2 cycloparaffines et 6 aromatiques. 

La partie purement spectrographique de l’analyse comporte l’enregistrement 
de rouf spectres complets, plus quelques portions de spectres en cas de dilution 
pour le dosage des aromatiques. Les enregistrements et manipulations néces- 
sitent environ cinq heures, pendant lesquelles il est possible de faire des calculs, 
le spectrométre fonctionnant presque automatiquement et ne réclamant qu'une 
surveillance minime. Une fois les spectres obtenus, l'ensemble des dosages décrits 
ci-dessus demande moins de trois heures pour le calculateur. L’utilisation d’un 
spectrographe a double faisceau donnant directement la transmission réduirait 
encore sensiblement le temps nécessaire pour les calculs. 

Le tableau 4 donne les résultats obtenus pour quelques unes des essences 
étudiées: une essence d’Irak, une essence Aramco, une essence provenant de bruts 
tunisiens et une essence de dégasolinage de la Régie Autonome des Pétroles 
(Sud-Ouest de la France). 

Etude des groupements CH,, CH,, CH et C 

Pour les fractions supérieures d’essences, la complexité des mélanges croissant rapidement alors que 
l'efficacité des moyens de séparation va en diminuant, l'analyse des composés individuels devient 
impossible. 

Aussi nous sommes nous contentés d’un autre moyen d’approche en cherchant a obtenir les pro- 
portions en carbones primaires, secondaires, tertiaires et quaternaires dans les fractions. 

De nombreuses études ont déja été réalisées sur ce sujet [6] utilisant des régions diverses du spectre 
infra-rouge. Nous avons choisi comme étant la plus commode une méthode dérivée des études de 
FRANCIS [7]. Celui-ci supposant que chaque hydrocarbure est un mélange sans interactions des différents 
groupes structuraux CH,, CH,, CH et C a étudié les intensités d’absorption absolues de ces groupes aux 
bandes suivantes: 

1370 due uniquement CH, 
1450 cm™! due a des vibrations CH, et CH, 
2900 cm! due a des vibrations CH,, CH, et CH. 


Nous servant de ces résultats nous avons établis la méthode suivante. 
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Tableau 4. Analyse des coupes 30-120°C de differentes essences 


Pourcentages ramenés a la fraction 30-120° 


France 


Hydrocarbures | Irak | Aramco | Tunisie | (R.A.P.) 

2 méthylbutane non dosé 4,081 | non dosé 
Pentane —- 13,117 non dosés 1,898 
Cyclopentane 0,679 0,281 0,183 
2-2 Diméthylbutane 0,327 0,031 0,223 
2-3 Diméthylbutane 0,503 0,022 0,100 0,316 
2 Méthylpentane 5,652 4,882 2,250 3,043 
3 Méthylpentane 7,818 3,276 1,730 1,670 
Hexane 16,050 17,803 8,513 6,677 
Méthylcyclopentane 2,196 3,500 0,400 2,570 
Cyclohexane 1,087 1,513 0,227 3,749 
3-3 diméthylpentane -— 0,267 
2-3 diméthylpentane -- 
Les diméthylcyclopentanes 7,053 2,368 2,840 non dosés 
2 méthylhexane 3,995 2,915 7,180 
3 méthylhexane 2,681 8,689 3,347 
3 Ethylpentane — 
Heptane 10,100 6,513 10,427 
2-2-4 triméthylpentane — 0,024 — 
Méthyleyclohexane 2,466 0,197 2,040 3,557 
Benzéne 0,094 1,030 0,006 1,588 
Toluéne 0,839 2,106 3,069 
Ethylbenzéne + 0,464 
Xylénes ortho non dosés non dosés non dosés 0,597 

para 2,456 

méta | | | 


Une quantité de produit 4 étudier voisine du gramme est pesée avec précision. Nous la diluons dans 
cing ml. de tétrachlorure de carbone qui ne montre pas d’absorption spécifique dans les régions utilisées. 
Les spectres du tétrachlorure de carbone et du mélange sont enregistrés dans trois régions encadrant les 
longueurs d’onde données oi-dessus. Celles-ci ne correspondent qu’é des positions moyennes. Pour les 
différents corps purs, on note des variations, parfois méme des doublements (cas de la bande 1370 cm=* 
lorsque la structure 2-2 diméthyl est présente). Pour remédier & ces variations, nous nous servons de 


l'intégrale de l'absorption hy log 2 dy étendue & un intervalle assez large pour les englober toutes. 


I 
Les limites d’intégration sont repérées par les tops de marquage du spectrographe. 

Nous nous servons du mécanisme de conduite de fente automatique pour obtenir un fond constant. 
Ceci nous oblige 4 opérer avec des fentes assez larges ce qui n’a pas d'importance puisque nous utilisons 
l'absorption intégrée. 

On calcule alors point par point la densité optique 4 un certain nombre de longueurs d’onde et on 
trace sur du papier millimétré la courbe donnant la densité optique en fonction de la fréquence: D = f(y). 
En réalité on trace la courbe de D en fonction de l’angle de rotation du miroir de Littrow du spectro- 
graphe qui, dans les faibles intervalles utilisés, peut étre considéré comme une fonction linéaire de la 
fréquence. Les surfaces des trois bandes sont mesurées sur le papier millimétré et ramenées 4 1 molé- 


cule par litre de solution. 
Par étalonnage préalable avec des corps purs (21 hydrocarbures) nous avons déterminé les surfaces 
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spécifiques de chacun des groupements en cm*/groupe/litre. Ces surfaces spécifiques ne sont valables 
que pour les conditions expérimentales bien précises que nous utilisons. 
Nous avons obtenu les résultats donnés dans le tableau 5. 


Tableau 5 


Absorption spécifique en cm*/groupe/litre 


Ayant obtenu les trois surfaces correspondant au mélange étudié¢, il est alors facile de determiner les 
différents types de carbone. Les carbones quaternaires sont déterminés par différence. 

Certains hydrocarbures purs ont donné des résultats différents de ceux donnés dans le tableau: le 3 
méthylpentane donne une absorption de 7 cm*/CH,/litre & 1370 cm~'; les naphténes substitués donnent 


8 cm?#/CH,/litre & 1370 
ticuliérement importants. 


Lorsqu'on a le nombre de groupements CH,, CH,, CH et C il est facile d’en déduire le pourcentage en 
paraffines et naphténes. 


Pour les deux autres bandes nous n’avons pas constaté d’écarts par- 


En effet soit: X le nombre de CH, 

Y le nombre de CH, 

Z le nombre de CH 

U le nombre de C 

A chaque C correspondent 2 CH, soit 2 U, & chaque CH un CH, soit Z. Le nombre de CH, restant ne 

peut provenir que des paraffines 4 raison de 2 CH, par chaine. D’ou 
X — (2U + 


= proportion de paraffines dans le mélange. 
Dans le cas d'un mélange purement paraffinique la détermination des groupes CH, et CH, est suffi- 
sante pour déterminer les groupes CH et C présents. 
En effet soit: X le nombre de CH, trouvés 
Y le nombre de CH, trouvés 


N le nombre de total de carbones (donné par la masse 
moléculaire). 


Les paraffines normales ont deux CH,, (X — 2) correspond done au nombre de CH, participant & 
des substitutions. Le nombre de CH + C est égal a 


N — (X + Y) et & chaque CH correspond un CH, 
& chaque C correspondent deux CH, 
Si Z est le nombre de CH et U le nombre de C nous avons: 


(X —2)=2Z+ 2U 
d’ot U = 2X + Y — (N + 2) 
Les résultats obtenus sur un mélange synthétique sont donnés dans les tableaux 6 et 7. 


Tableau 6 


Tableau 7 


Corps 


Trouvé Calculé AN 


2-3 diméthylpentane 17,15 nombre de CH, 4,10 4,166 — 0,06 
2-2-5 triméthylhexane 49,71 nombre de CH, 2,20 2,160 + 0,04 
3 méthylhexane 33,14 nombre de CH 1,24 1,171 + 0,07 


nombre de C 0,43 0,497 — 0,06 


CH, CH, CH 
— 
my 1370 8,4 0 0 
1 1450 10,0 3,5 0 
; 2900 10,0 8,0 4,7 
V 4 L . 
19042/ 
| 6 en poids 
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L’ensemble spectre-calculs demande environ une heure pour étre mené a bonne fin. La précision 
espérée d’aprés les différents mélanges synthétiques essayées est supérieure a 0,10 groupe. 

Cette méthode essayée pour les essences déborde d’ailleurs le cadre de celles-ci et peut s’appliquer 
& des fractions plus lourdes du pétrole gas-oils et huiles. 


II. Essences contenant des olefines 
L’étude d'une essence contenant des oléfines comporte deux parties. Tout d’abord 
étude et dosage des différents types d’oléfines présents et des aromatiques. Ensuite, 
aprés un traitement acide qui élimine tous les insaturés, étude de la partie restante 
saturée comme il a été décrit pour les essences straight-run. 
Les bandes spécifiques des différents types d’oléfines ont été déja trés étudiées 
[8, 9] et sont bien connues, nous les rappelerons pour mémoire dans le Tableau 8. 


Tableau 8 


Longueurs d’onde 
Type d'oldfine caractéristiques 


R—CH=CH, ou « 10,05 et 11,00 trés fixes 
trans R—CH=>CH—R’ ou trans 10,35 trés fixe 
cis R—CH=>CH—R’ ou £ cis 13,7 a 14,8 variable 
R— C CH, ou af 11,25 peu variable 
I 


R— C =CH—R’ ou 12,014 12,40 variable 
I 
pas de bandes 


Ces différentes bandes sont dues aux vibrations d’elongation des hydrogénes 
fixés aux carbones des doubles liaisons. 

Nous faisons l’hypothése suivante: une oléfine peut étre considérée comme un 
mélange sans interactions de chaines saturées et de double liaisons. 

Ceci revient & admettre que l’absorption due aux vibrations des hydrogénes 
de la double liaison n’est en rien perturbée par les modifications apportées au reste 
de la chaine carbonée. Une des conséquences de cette hypothése serait la fixité 
de la fréquence d’absorption, ce qui nous le voyons dans le tableau 8 est réalisé 
pour les oléfines a, trans et «/. 

Pour les deux autres types d’oléfines, détectables par infra-rouge, nous notons 
par contre d’assez grosses variations en position. 

De l’hypothése du mélange sans interaction nous pouvons déduire la loi de 
variation du coefficient d’absorption des différents types d’oléfines en fonction de 
leur poids moléculaire. 

Dans une oléfine de densité d et de masse moléculaire M, la concentration en 
double liaison est inversement proportionnelle au volume moléculaire M/d. Si 
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K est le coefficient d’absorption de la double liaison considerée comme un individu 
chimique indépendant, le coefficient d’absorption de |’oléfine est: 
k= =. et kM/d = K = constante 
Nous avons effectué le calcul de la quantité kM/d pour le plus grand nombre 
d’oléfines possible aux longueurs d’onde caractéristiques sur les spectres du 
catalogue A.P.I. 


Coefficient d'absorption par mm 


>) 


100 18 
Poids molécu/aires 
Fig. 1. 


Les résultats obtenus somt donnés dans le tableau 9. 

L’hypothése semble donc justifiée car nous voyons que pour les trois premiers 
types l’écart moyen est inférieur 4 10%. Or il faut tenir compte du fait que ces 
calculs ont été faits sur des spectres d’origines différentes et que la précision des 
pointés sur ces spectres est relativement faible. 

Ces résultats nous ont permis de tracer des courbes donnant les coefficients 
d’absorption aux différentes longueurs d’onde clés des différents types d’oléfines 
en fonction de leur poids moléculaire (Fig. 1). 

Nous avons cing courbes: 


A oléfines «f & 11,25 microns 
B oléfines « 11,00 microns 
C oléfines f trans 10,35 microns 
D oléfines « 10,05 microns 
E oléfines f cis 14,40 microns 


Voyons maintenant comment se déroule |’analyse. 

L’essence est coupée par distillation en huit fractions correspondant chacune 
a un poids moléculaire unique pour les oléfines. Les températures de coupes sont 
identiques a celles du Tableau 1 des essences straight-run. Les spectres sont 
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enregistrés et on dose les aromatiques (voir essences straight-run). Leur contri- 
bution a l’absorption aux longueurs d’onde d’analyse des oléfines est calculée, 
puis retranchée pour la suite des calculs. 


Tableau 9 


Type Nombre d’oléfines 
d’oléfines nes examinées 


a 12 | 10,05 4422 
x 12 11,00 12500 
6 trans 8 10,35 11812 
ap 4 11,25 14382 
B cis 4 14,40 | 3700 


I] faut maintenant tenir compte a ces mémes longueurs d’onde de |’absorption 
des paraffines et des naphténes. Pour cela, dans nos premiers essais, nous y avions 
calculés les coefficients d’absorption des paraffines et des cycloparaffines. Et pour 
chaque fraction 4 chacune des longueurs d’onde nous prenions la moyenne des 
coefficients de tous les corps possibles. Mais les différences assez importantes 
entre les coefficients rendent l’absorption des saturés trop dépendante de leurs 
proportions relatives. 

Ayant abandonné ce systéme, nous avons adopté la méthode suivante. Les 
fractions totales sont traitées de facon quantitative a l’acide sulfurique. Les 
hydrocarbures insaturés étant attaqués, le résidu surnageant nous donne la pro- 
portion de saturés. Nous enregistrons les spectres de ces résidus et connaissant 
leur proportion dans le mélange initial il nous est facile de calculer leur absorption 
dans la fraction totale. 

Nous avons maintenant les densités optiques propres aux oléfines. Con- 
naissant le poids moléculaire de la fraction, les courbes de la Fig. 1 fournissent les 
coefficients 4 employer. 

Nous avons déja montré que les lois que nous utilisons ne sont bien vérifiées 
que pour les groupes a, trans et De plus les types cis et deviennent 
impossibles & doser lorsque l'on a des aromatiques ce qui se produit dés la fraction 
III. Nous possédons trés peu de spectres de telles oléfines et nous ne connaissons 
avec certitude que les coefficients d’absorption des tous premiers homologues. 
Le dosage ne peut donc s’effectuer que dans les deux premiéres fractions. 

Cependant nous avons constaté sur toutes les essences étudiées que, si l’on 
trace en fonction du °, distillé la concentration en oléfines des trois types «, 2 
trans et «f, les trois courbes obtenues sont affines; c’est a dire que les rapports 
entre les concentrations restent sensiblement constants tout au long de |’échelle 
des poids moléculaires. Nous avons extrapolé cette constatation aux autres types 
d‘oléfines et 4 partir des concentrations obtenues pour les deux premiéres fractions 
en f cis et £8, il semble que nous puissions obtenir une bonne idée de leurs con- 
centrations dans les fractions suivantes d’aprés la loi de variation des oléfines «, 
6 trans et «8. Le bon accord de nos résultats avec ceux des autres méthodes 
physico-chimiques semble confirmer ce point de vue. 
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Le total des oléfines ainsi déterminées est en général un peu inférieur au total 
trouvé par ces autres méthodes. Mais il ne faut pas oublier que nous ne dosons 
pas certaines oléfines trés substituées qui existent en quantités notables dans les 
essences de cracking catalytique par example. 


Tableau 10. Essence de cracking catalytique de la Socony Vacuum (Frontignan) 


L’ensemble des dosages demande |’enregistrement de 16 spectres, soit environ 
huit heures. Les dosages aromatiques et oléfines trés simples au point de vue 
calculs demandent deux heures, le dosage des saturés simplifié par l’absence 
d’aromatiques, entre deux et trois heures. 

Les tableaux 10 et 11 donnent les résultats obtenus pour deux des essences de 
cracking que nous avons eu l'occasion d’étudier: 

Tableaux 10 essence de cracking catalytique de la Socony Vacuum. 

Tableaux 11 essence d’aviation Houdry de Shell-Berre (reforming). 


Resumé 
Il est decrit dans cet article un certain nombre de méthodes destinées au dosage 
aussi complet que possible des différents hydrocarbures présents dans les essences. 
On dose 28 hydrocarbures saturés et 6 aromatiques dans les essences straight-run. 
En outre pour les essences contenant des oléfines, celles-ci sont dosées en leurs 
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Fractions Xylénes Total 
ortho para | 
26-40 | | | 
40-60 0,3 0,3 
oe 60-73 1,5 1,5 
a 73-90 3,0 3.0 
90-100 1,8 3,8 5,6 
oe. 100-122 21,5 21,5 
Tel | fetal | 
Fractions P.M. | Tause 1952/ 
2-40 70 | 54 67 82 92/125) 42 | 42 | 48 
a 40- 60 5 8 59 63 86 | 7,1 #129/) 41 | 413 | 47 
60— 73 13,2 84 3,3 8,6 6,5 37 38,5 42 
73- 90 3,6 98 4,6 10,0 5,4 39 422048 
oo 90-100 6,6 98 | 3,4 7,3 | 4,7 29 34,6 36 
100-122 88 110 23 5,8 2,9 23 | 45 52 
122-150 13 126 1,9 4,3 2,3 15 59,6 58 
2 
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‘ableau 11. Essence d’aviation Houdry Shell-Berre (reforming) 


Aromatiques 


Fractions X ylénes 
Benzéne Eth ylbenzéne 
meta 


20— 40 
40— 60 
73 
73— 90 
90-100 
100-122 


Total Total 


Fractions Tauss 


ap | olé, + Arom. | 


20— 40 20,4 70 | 2,8 6,1 3,8 22,3 22,3 
40— 60 6,6 84 | 3,6 5,7 | 4,5 24,3 24,7 
60- 73 18,2 84 | 2,2 4,7 3,7 18,7 21,5 
73- 90 7,0 98 | 2,7 4,3 | 2,7 17,1 22,6 
90-100 10,0 98 | 2,6 38 | 2,1 13,2 17,8 
100-122 15,4 110 | 2,5 2,0 2.0 11,0 45,8 


différents types sur toute l’étendue de l’essence. Une méthode de dosage des 
carbones primaires, secondaires, tertiaires et quaternaires est également décrite. 
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Direct recording of Raman Spectra 
J. SKINNER 


Hilger and Watts, Ltd., London 


Introduction 


For many years now the infra-red absorption spectrometer has been used exten- 
sively in problems of industrial chemistry. Although the Raman Spectrum of a 
material will give similar, or complementary information, concerning the presence 
of certain types of molecules, there have so far been comparatively few reports of 
its application in routine work. The direct recording Raman spectrograph is an 
instrument which has been developed to provide a more convenient tool, supple- 
menting the photographic technique. 

A small number of such instruments have been built in different laboratories 
and equipment of this kind is now available commercially. The kind of results that 
may be obtained by these instruments and some of their limitations will be dis- 
cussed below. Typical traces compared with the photographic record are shown in 
Fig. 1. 


General Considerations in Design 


The major problem in the photo-electric detection of Raman scattered radiation 


is the small light flux available after the dispersion of the scattered light. The 
detection of weak light signals by photo-multiplier tubes has been studied by 
ENGstroo [1] and the relation 


Ze of( 


Sn? 
has been shown to be true, subject to certain simplifving assumptions. 
Sn = signal to noise ratio 
electronic charge 
the band width of the associated amplifying svstems 
the photo-current measured at the cathode 


the thermionic-current measured at the cathode. 


then 
If 


then 


In practice the signals emerging from the exit slit of the monochromating 
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system are such that generally i, is intermediate between the two extreme con- 
ditions considered above. In any case, however, it is clear that the magnitude of 
i, governs the signal to noise ratio which can be obtained with a given system. 
For this reason it is of the utmost importance in an instrument of this kind that 
the whole optical system including the light source, the method of illumination, 
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Fig. 1. Raman Spectrum of Benzene 


Upper trace: Slit width 6 cm~' 
Scanning speed 20 cm~'/min 
Time-constant 5 secs 


Lower trace: Slit width 6 cm~'! 
Scanning speed 240 cm~'/min 
Time-constant 0-8 secs 


Below: Photograph of same spectrum 


size and shape of the sample and the design of the monochromator should he such 
as to give the greatest possible light signal at the sensitive surface of the photo- 


multiplier. 

It follows that a weak signal will have 4 poorer reproducibility than a strong 
signal. This is illustrated in Fig. 2 if a comparison is made between trace B and 
trace C, or between traces A and D. The two lower traces have been taken with a 
filter (approximately 25°, transmission) in the light path, the gain of the amplifier 
being increased to grve about the same deflection. 
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Fig. 2. 


Scans of Carbon Tetrachloride doublet 760-780 cm~-'. 


Ig 7 


Weaker signals show poorer 


signal to noise ratio. Slower scanning with longer time-constant improves signal to noise ratio. 


Carbon Tetrachloride Doublet 760-780 cm-* 


Filter 


Sample 
| Volume 


Slit 
Width 


Time 


Constant 


Scanning 


Speed 


25°, Trans- 
mission 
(approx.) 
25°, Trans- 
mission 
(approx.) 


6 ml 
6 ml 
6 ml 


6 
6 


6 ml 6 


10 secs 
2-5 secs 
2-5 secs 


18 cm~!/min 
72 cm~!/min 
72 cm~'/min 


18 cm~!/min 


| | 
| 
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77 9 8 
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Scanning Speeds 
If a greater time may be spent in making the measurement then inertia may be 
introduced into the recording system by including a suitable time-constant in the 
electrical circuits. Greater precision of measurement may thus be obtained at the 
expense of the speed of scan. The time taken to scan across a line must be long 
compared with the associated time constant otherwise considerable distortion of 
the shape of the spectral line will occur. By comparing traces C and D in Fig. 2 
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Traces showing effects of slit width. time-coustant, and scanning speed on resolution 
and reproducibility. 


Fig. 3. 


Upper pairs: Benzene 1586-1606 


Left to right 
Slit wilth: 3em-! 10em-! 
Time-constant: LO see 10 sec see 
Seanning speed: 20 cm -'/min 20 em-!/min 80 em 


1/min 


Lower pairs: Benzene 091 em-! and Toluene 1001 em-?! in a mixture of the two. 


Left to right 
Slit width: 3em-! 6em-! 6 em 
Time-constant 2-5 see 1 see 2-5 sec 
Seanning speed: 20 em-'/min 80 em=!/min 80 em-!/min 


1 
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it may be seen that the noise is greatly reduced in trace D where the time-constant 
has been increased from 2-5 to 10 seconds and the scanning speed decreased from 
72 to 18 wave-numbers per minute. 


Resolution 
In normal circumstances the instrument would not be used under conditions which 
in any way approach the full resolving power of the optical system. The resolution 
obtained is limited primarily by the slit-widths of the monochromating system 
and the time-constant employed. By choosing smaller slits the resolution is 


2 12 10 9 6 5 3 2 
CCl, 459 cmt? Scan A, Slits 017mm | | 
MV. 900, CE Mean 61-13 0-74% | 
| | | | | 
| | || 
hg, ST608S 61-8 607577 61-75 7761-5 7760S TTT 60-5 60-757 ers ters TT 6105 615 
60}-+4-+- 4-4 + + + + + + + 
+ 


S0t-+--—- 


H+ ++ +4 


Fig. 4. Repeated scans of carbon tetrachloride 459 cm~'!. Slit width 6 cm~, scanning 
speed 240 cm~! per min, time-constant 1 sec. Standard Deviation 0-74%. 


improved but this at once reduces the light flux, and so the signal to noise ratio 
is decreased. If the time-constant is increased, to give better reproducibility, 
then the scanning speed must also be reduced. This is doubly important now since 
the narrow slits will give sharper spectral lines so that the time to pass across a 
line is less than with a broad slit. The traces shown in Fig. 3 illustrate the effects 
of variation of slit-widths, scanning speed, and time-constant on the resolution 
and reproducibility of two line pairs. 


Performance 


The factors discussed imply certain limitations on the performance of scanning 
instruments for the direct recording of Raman spectra, or for that matter of any 
spectra of low intensity. The instruments which are now available will give 
reasonable reproducibility unless high speed with weak lines is demanded. The 
reproducibility can always be improved by increasing the time-constant and scan- 
ning more slowly or by opening the slits and sacrificing resolution. The sort of 
reproducibility obtained with a strong Raman line is demonstrated in Fig. 4. 
Sixteen repeated scans across the same line at a speed of 240 cm! per min. with 
a time-constant of | sec give a standard deviation of 0-74°;, 


Reference 
[1] Excstrom, R. W.; J. Opt. Soc. Amer. 1947 37 420. 
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Communication to the Third International Spectroscopy Colloquium, High Leigh, 1952 


La spectrometrie raman avec enregistrement dans l’analyse 
des produits pétroliers 


L. ROBERT 


Départment de Physique, Institut Frangais du Pétrole, Paris 


Summary—A Raman spectrograph has been transformed to get a direct recording of the 
Raman spectra on a pen recorder. 

We used a photomultiplier tube with a chopped radiation and a tuned amplifier. 

The applications of this spectrograph to the quantitative analysis of different products have 
been studied, e.g. evaluation of olefins and aromatics in gasolines, benzols and xylenols analysis, 


water evaluation in ternary mixtures acetone-alcohol-water. 


Les premiéres tentatives de détection des raies Raman par cellule photoélectrique 
datent d’avant la guerre. (S. KuDRJAWSEWA [1] en 1935.) 

Les premiers résultats pratiques d’enregistrement direct des raies Raman ont 
été obtenus par Rank [2] aux Etats-Unis en 1943-1946, avec un spectrographe 
a réseau et une cellule photoélectrique 4 multiplicateur d’électrons. Depuis on 
peut noter des réalisations de laboratoire [3] et méme commerciales aux U.S.A. 


et en Angleterre. 

En France, Frun inG [4] réalisa le premier en 1950 un systéme d’enregistre- 
ment avec cellule 4 multiplicateur d’électrons et galvanométre. Nous avons 
réalisé dans les laboratoires de physique de |'Institut Francais du Pétrole, un 
systéme d’enregistrement direct sur un enregistreur & plume: il est en fonctionne- 
ment depuis deux ans. 


1. Description de l’appareillage 
Le spectrographe utilisé est un Steinheil a train de 3 prismes, ouvert a F/3. La 
source excitatrice est une lampe A vapeur de mercure Gallois fonctionnant en 
courant alternatif avec une puissance de 600 watts. On utilise des réflecteurs 
semi-cylindriques argentés, un refroidissement 4 l’eau et des filtres colorés pour 


isoler la raie excitatrice voulue. 

Pour detecter les raies Raman, on a adapté (Fig. 1), a la place du chassis 
photographique, une boite contenant la cellule & multiplicateur d’électrons RCA 
IP 21, une fente exploratrice et une lentille formant l’image de la fente sur la 
photocathode. Cette boite se déplace dans les deux glissié¢res servant a introduire 
le chassis photographique. Elle est entrainée d'un mouvement uniforme 4 l'aide 
d'une vis sans fin actionnée par un moteur électrique. Le balayage du spectre 
depuis la raie excitatrice (généralement la raie bleue & 4358 A sur un domaine 
d’environ 600 A dure une demi-heure. Le balayage peut étre rendu plus lent si 
nécessaire & l'aide d’un systéme réducteur. 

La haute tension (900 volts) pour l’alimentation de la cellule 4 multiplicateur 
d’électrons est fournie par une batterie de piles. 

Le signal fourni par la cellule & multiplicateur d’électrons est amplifié par un 
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amplificateur accordé sur la fréquence de 28 cycles par seconde, qui est celle du 
hachage de la lumiére pénétrant dans le spectrographe, hachage obtenu par un 
secteur tournant. Le temps de réponse de |’amplificateur est variable et peut 
étre adapté a la vitesse de balayage du spectre. L’enregistreur est un appareil 
Brown électronique. 


2. Performances de l’appareillage 


La reproductibilité des spectres est limitée par les variations de tension du secteur 
alimentant la lampe 4 vapeur de mercure. La reproductibilité est de l’ordre de 


- 


1000 


Fig. 2. 


Fig. 1. 


5°, quand on compare les spectres d’un méme corps déterminé a différents moments 
de la journée. 

La sensibilité est limitée par le bruit de fond du systéme cellule & multiplicateur 
d’électrons-amplificateur. 

Nous l’avons déterminé par le rapport AH/H¢,,. AH représente la fluctuation 
moyenne notée sur | enregistreur en dehors des raies Raman. 

Hoo, représente la hauteur du pic représentant la raie 459 cm~' du tétra- 
chlorure de carbone, généralement prise comme unité de diffusion. 

Ce rapport a une valeur de 1/100 avec notre appareillage. Cette valeur signifie 
qu’il est impossible de détecter du tétrachlorure de carbone 4a l'aide de sa raie 
Raman & 459 cm~! quand il est en concentration volumétrique inférieure 4 2%, 
ceci en admettant que l'on puisse détecter au plus un signal égal au double de la 
fluctuation moyenne. Ce rapport AH/Hoq, est important 4 connaitre, car il 
permet d’établir les concentrations minima détectables a l’aide de cet appareil, 
pour les différents composés. 
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3. Etablissement des spectres—spectres de corps purs 


Pour établir les fréquences des raies Raman enregistrées, on repére leur position a 
partir de deux raies de diffusion provenant de la lampe 4 vapeur de mercure: la 
raie verte & 4916 A et une petite raie située au dela de la raie d’excitation. Des 
étalonnages ont été effectués sur des hydrocarbures purs bien connus. Les raies 
sont repérées & mieux de 10 cm~' prés. 

Pour établir les intensités des raies Raman, on enregistre avant et aprés le 
spectre du corps étudié, la raie de référence & 459 cm~! du tétrachlorure de carbone. 
Nous avons établi ainsi les spectres Raman d’une cinquantaine d’hydrocarbures 
et autres composes organiques (Fig. 2). 

La comparaison de ces spectres avec ceux obtenus par RANK [2] est trés 
satisfaisante. 

Les coefficients de diffusion des raies Raman donnés par Rank sont trés 
voisins des nétres. Cependant pour les raies de fréquences supérieures 4 1000 cm-', 
les coefficients de diffusion que nous avons déterminés sont systématiquement 
supérieurs & ceux donnés par Rank. Ceci peut étre di a la polarisation des raies 
Raman et a l’optique différent des spectrographes. De toute maniére, il semble 
utile de refaire les spectres de corps purs, quand on le peut, pour avoir des co- 
efficients de diffusion sirs. 


4. L’analyse des produits petroliers 


Les produits pétroliers: essences, gas oil, huile sont trés complexes et comportent 
une foule d’hydrocarbures appartenant aux familles des paraffines, des naphténes, 
des aromatiques et des oléfines. Ce sont les essences qui sont les moins complexes 
et leur analyse en particulier par spectrométrie infra-rouge est maintenant au 
point (voir J. Favre [5)). 


Etude des coupes d’ essence 


Nous avons essayé d’appliquer la méthode de spectrométrie Raman 4 ces produits. 

L’analyse des composés individuels dans une coupe est possible en principe, 
si toutefois il n’existe pas plus de 5 constituants environ et si ces constituants 
sont en concentration suffisamment élevée. Ce dernier point est particuliérement 
important. En effet dans le tableau 1 sont donnés quelques exemples de con- 
centration minimum détectable de divers composés pour certaines de leurs raies 
Raman. 

On remarque que seul le benzéne peut étre détecté 4 une concentration infér- 
ieure & 1°% en volume avec notre appareillage Mais s’il se trouve en présence d’autres 
composés aromatiques, on ne peut plus se servir de la raie 998 cm~ et la sensi- 
bilité pour la raie 1171 cm~! n’est plus que de 6%. On voit aussi la difficulté du 
dosage des paraffines dont les raies caractéristiques ont un coefficient de diffusion 
si faible qu’il faut une concentration de 20 a 30° au moins pour pouvoir les 
identifier et les doser. 

L’emploi de la spectrométrie Raman pour l’analyse poussée des essences est 
done actuellement trés limité. La spectrométrie infra-rouge est plus efficace 


dans ce domaine. 
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Tableau | 


Reis Coefficient % détectable 
de en 


cm~* 
diffusion (a) volume 


0.8 
Benzéne 


Toluéne 


Cyclohexane : 0,5 


0, 12 
2,2,5-Triméthylhexane 
0,16 12 


n-Heptane 0.06 30 


(a) rapporté A la raie 459cm™! du tétrachlorure de carbone 


On doit noter cependant le cas particulier des mélanges constitués uniquement 
de dérivés aromatiques. Ces mélanges ne peuvent étre analysés tels quels en 
spectrométrie infra-rouge, parce que les dérivés aromatiques sont trop absorbants. 


190¢ 


SPECTRE RAMAN D'UN SOLVANT AROMATIOUE 


NE 
LBENZENE 


PARAXYLENE 


ME TAXYLENE 


Une dilution est alors necessaire. Par contre l’analyse directe de ces mélanges 
d’aromatiques peut étre faite par spectrométrie Raman d'une facgon assez précise. 
La Figure 3 montre le spectre et l’analyse d’un produit aromatique industriel 
employé comme solvant pour vernis. 
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Dosage de familles dhydrocarbures dans les essences 


Tout comme en spectrométrie infra-rouge, certaines raies Raman sont spécifiques 
de certaines fonctions chimiques. Les valeurs des fréquences sont des moyennes 
établies & partir des spectres de corps purs. 


ESSENCE 


Fig. 4. 


La Figure 4 montre le spectre d’une coupe d’essence ot: |’on retrouve certaines 
de ces raies caractéristiques. 


Fig. 5. 


Des analyses quantitatives ont été faites pour les composés aromatiques et les composés oléfiniques 
dans les essences. Nous avons repris les travaux de Herc. [6]. La Figure 5 montre le spectre de deux 
essences de cracking ot l'on voit les deux pics correspondant aux aromatiques (1600 cm~-') et aux 
oléfines 1650 

La méthode la plus sire nécessite un étalonnage & faire une fois pour toute a l’aide de mélanges 
synthétiques ou d’essences déjé étudiées par d'autres méthodes et dont on connait les teneurs en oléfines 
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et en aromatiques. On détermine les surfaces sous les pics correspondant aux aromatiques et aux 
oléfines rapportées A l'unité de diffusion donnée par la raie 459 cm-' du tétrachlorure de carbone. 
Ensuite on établi deux & trois fois le spectre de l'essence & étudier dans le domaine 1500-1700 em-', en 
encadrant avec le spectre de CCl,. Puis on mesure les surfaces sous les pics correspondants. Quel- 
quefois un léger chevauchement des pics nécessite une correction des surfaces. 


Tableau 2 


% Oléfines 


Aromatiques 


| 


Par méthode 
chimique 


| Par méthode 
chimique 


Par Raman Par Raman 


31 31,7 
16 19,5 15 14 
12,5 ll <5 0 
non déterminé 


Ce dosage des oléfines et des aromatiques dans les essences, particuli¢rement les essences de cracking 
et de reforming est trés délicat par les méthodes chimiques. I] nécessite une séparation de l'easence en 
coupe de distillation bien repérée pour l'analyse par spectrométrie infra-rouge. Par spectrométrie 
Raman, l'analyse est possible en opérant sur l'essence totale, aprés une simple distillation, |'essence 


RAE S461 


EMISSION DE LA LAMPE HC 


Fig. 6. 


distillée étant directement recueillie dans le tube Raman. Cette distillation est généralement nécessaire 
pour éliminer les suspensions et les produits de queue colorés existant dans l'essence brute. Quelques 
résultats sur des essences d'origines diverses sont donnés dans le Tableau 2. 


Etude des gas-oils et des huiles 


L'étude des gas oils et des huiles par spectrométrie Raman est trés délicate, & cause de la fluorescence 
de ces produits. LutTwer [7] en Allemagne a indiqué des méthodes d'élimination de la fluorescence par 
adsorption sur terres activées et deshydratation poussée. Nous avons essayé cette méthode sur des 
huiles non décolorées et sur des huiles blanches, mais la fluorescence résiduelle est toujours restée trop 
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importante. L’addition de nitrobenzéne diminue nettement la fluorescence, mais introduit des raies 
parasites génantes. Nous avons alors tenté d’étudier les raies Raman excitées par la raie verte du 
mereure & 5461 A. Cette radiation ne provoque plus la fluorescence et est trés intense. Malheureusement 
la cellule photoélectrique 4 multiplicateur d’électrons devient trés peu sensible dans ce domaine de 
longueur d’onde et l'on arrive 4 la limite de son emploi. 

Nous avons cependant essayé d’utiliser cette raie excitatrice. La Figure 6 montre le spectre d’émission 
de la lampe 4 vapeur de mercure dans ce domaine de longueur d’onde et le spectre Raman du toluéne 
dont on retrouve bien les raies caractéristiques. La Figure 7 montre le spectre d’une huile minérale non 
décolorée et trés fluorescente. Les raies Raman sont trés bien repérées. I] y a intérét & répéter plusieurs 
fois le spectre pour confirmer les raies Raman. 

Les résultats sur quelques huiles blanches sont donnés dans le tableau 3, avec les spectres de paraffines 
& poids moléculaires élevés, donnés par Rank. 


Tableau 3 


HUILE 2 bi 
HUILE 3 oh 
HUILE 4 
17 METHYLTRIDECANE ul ule. 

IN TETRADECANE pli, 


200 400 600 8001000200 400 cM 


Alors que dans le domaine 7-15 microns le spectre infra-rouge de ces huiles blanches, ne contenant 
pratiquement plus de composés aromatiques, sont identiques, les spectres Raman révélent des différences 
notables. Ce qui différencie chimiquement les huiles, ce sont les proportions différentes de noyaux 
naphténiques et chaines paraffiniques ainsi que le type de ces noyaux naphténiques: type cyclohexane, 
décaline, perhydroanthracéne, etc. ... On n'a 4 l'heure actuelle pratiquement aucun moyen d’identifier 
ces différents types de noyaux. I] semble que l'étude des spectres Raman de ces produits permette 
d’apporter un peu de lumiére dans ce domaine trés mal connu. 


5. Dosage de composés organiques en presence d’eau 


La présence d’eau dans des mélanges empéche généralement |’analyse par spectro- 
métrie infra-rouge. C’est ainsi que l’analyse des mélanges alcool isopropylique- 
acétone-eau obtenus dans la préparation de l’acétone a partir de |’alcool isopropy- 
lique, produit dérivé du pétrole, n’est possible par spectrométrie infra-rouge 
qu’aprés élimination de l’eau. 

Nous avons tenté d’analyser ce type de mélange par spectrométrie Raman. 
On dose l’alcool isopropylique et l’acétone directement; l’eau est déterminée par 
différence. Le tableau suivant donne les raies Raman caractéristiques, les co- 
efficients de diffusion et le pourcentage volumétrique minimum détectable. 


Coefficient 


% minimum 
détectable 


Raie Raman 


Alcool isopropylique 


Acétone 


Le 
/c 

ade 

diffusion | 

815 0,32 6 

; 787 0,34 5 
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Des étalonnages ont été faits & partir de mélanges synthétiques. Le tableau 
suivant montre les résultats obtenus pour quelques mélanges synthétiques: 


réel réel | trouvé | réel 


Alcool isopropylique 


Une telle analyse ne nécessite l’enregistrement que d’une petite partie du 
spectre de 750 & 850 cm! ce qui réduit considérablement le temps nécessaire. 


SPECTRE RAMAN O° UNE HUILE 
COLOREE ET FLUORESCENTE EXCITEE PAR LA 
RAIE S461 


Fig. 7. 


Conclusions 
Grace a |’enregistrement direct des spectres Raman, la spectrométrie Raman a pu 
devenir un outil maniable dans le domaine de l’analyse quantitative. Actuelle- 
ment son emploi est encore limité & des cas particuliers et n’est pas aussi étendu 
que celui de la spectrométrie infra-rouge. Ceci est di en particulier au fait que 
la sensibilité n’est pas encore suffisante. Un moyen d’augmenter cette sensibilité, 
qui est déja relativement énorme quand on pense a la faiblesse des flux lumineux 
étudiés, serait de diminuer le bruit de fond de la cellule & multiplicateur d’electrons 
par un énergique refroidissement et d’augmenter le flux lumineux excitateur dans 
le tube Raman. I! faut noter que toutes choses égales d’ailleurs le signal varie 
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proportionnellement au flux et le bruit de fond de la cellule proportionnellement 
& la racine carrée du flux. Si donc on multiplie par 4 le flux lumineux excitateur, 
on obtient une sensibilité deux fois meilleure, ce qui serait déja fort appréciable. 

Les quelques exemples que nous avons donnés ici montrent un aspect de la 
portée pratique de cette technique peu développée encore industriellement, mais 
qui semble appelée 4 un réle important a céte des techniques qui ont déja fait 
leurs preuves. 
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[1] Kuprsawsewa, 8.; Acta physicochimica 1935 3-5 613. [2] Rank, D. H. et al.; Anal. Chem. 
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DISCUSSION ON THE PAPER BY M. ROBERT 


Dr. MENzIEs drew attention to the illustration shown by M. Rospert of the use of the mercury 
green line for Raman excitation; this had the disadvantage of being much less efficient as a 
source of scattering energy due to the drop of effect with the fourth power of the frequency; 
it was valuable only when the use of the blue line would excite undesirable fluorescence, or the 
sample was coloured with blue absorption. 

Dr. SHEPPARD said that at Cambridge they had some experience with the use of photo- 
multipliers, cooled to liquid air temperatures, to increase the sensitivity of Raman recording. 
The gain in signal to noise ratio was not as high as expected, because when the thermal noise 
was eliminated the statistical fluctuation of the energy received remained. 

Dr. KAISER raised the question of the relative merit of the Raman and infra-red spectrum 
recording as a method of oil analysis. Dr. Menzies then said that they should not be contrasted 
in this way, a better question is which problems are better treated by Raman spectra than infra- 
red ones. Dr. MENz1Es said that for substances containing water the Raman method is usually 
better. M. Rosert said that for the white mineral oils it was found that infra-red spectra of 
different oil products were all the same but the Raman spectra showed useful differences. 


CLOSING SPEECHES 


After lunch the Chairman of the Industrial Spectroscopy Group briefly thanked all who had 
helped to make the Colloquium a success by their contributions or by their presence, and in 
particular the organising secretary, Dr. ROHNER, on behalf of the visitors, thanked the English 
Group for its hospitality. 


OBITUARY 


We regret to announce the death of Dr. A. Luszczak, Professor at the Technical 
University, Vienna, on 22 June, aged forty-nine. 


CORRECTION 


There is a correction to the paper by Dr. N. W. H. Appink, ‘Quantitative 
spectrochemical analysis by means of the constant temperature D.C. carbon arc’, 
which appeared in Vol. V, No. 6 of Spectrochimica Acta. On page 494, the first 
line in Table I should read 0-14, 0-16 and 0-11, not 0-014, 0-016 and 0-011. 
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The Symposium on Molecular Structure and Spectroscopy 
Sponsored by the Department of Physics and the Graduate School 


of The Ohio State University was held at Columbus, Ohio on 


June 15-19, 1953 


The following papers were presented at the symposium: 


to 


Intercombinations in Molecular Electronic Spectra 


KasHa—Florida State University 


. Anomalous Singlet-Triplet Transitions 


C. Remp—University of Chicago 


. Intercombinations in Chelate Compounds of Rare Earths 


CarRL and 8. I. Wetssman—Washington University 


. Triplet-Triplet Absorption Spectra of Some Conjugated Molecules 


I. G. Ross—Florida State University 


. Iodine Complexes at Low Temperatures 


Joe 8S. Ham—The University of Chicago 


. Molecular Spectra of Iodine Vapour arising from Ion-like Electronic States 


K. H. WreLanp—University of California 


. Electronic Spectra of Organic Molecular Crystals 


Dona_p 8. McCiure and Orro of California 


. Infrared Photoconductivity of Condensed Aromatic Molecular Solids 


E. A. KmetKo—The University of Buffalo 


. Singlet-Triplet Absorption in Some Aromatic Compounds 


D. 8. McCiure, N. Biake, and P. Hanst—University of California 


. Experimental Evidence for Hydrogen-like Energy States of Neutral Impurities in Silicon 


E. Burstern, E. E. Beitit* and J. W. Davisson—Naval Research Laboratory 


. The Interpretation of the Infrared Spectra of Diamond (I and IJ), Silicon and Germanium 


W. G. Srmerat and G. B. B. M. SurHerLanp—University of Michigan 


. Concerning the Spectroscopy of Photoconductive Dye Films 


Joun W. Wetct—The Ohio State University 


. Crystal Violet 


T. Srupson and C. E. Worsrotp—University of Washington 


. Recent Work on the Spectra of Diatomic Molecules 


G. HerzBerG—National Research Council (Canada) 


. Vibrational Transition Probabilities of Diatomic Molecules 


P. A. Fraser and W. R. Jarmars—University of Western Ontario 


. The Laboratory Determination of Relative Transition Probabilities in Diatomic Molecules 


Joun G. Puttips—University of California 


*On leave from The Ohio State University 
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. Intensity of the A*7ru< X*L*g Transition in N, (Meinel bands) from Theoretical 


18. 


19. 
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Computations 

Harrison State College 

The Thermodynamic Determination of the Dissociation Energy of TiO 

Pau W. GILues and QuENTIN DE L. WHEaTLEY—University of Kansas 

Fine Structure of the Schuman-Runge bands near the Convergence Limit and the 


Dissociation Energy of Oxygen 
P. A. Brix and G. HerzBerc—National Research Council (Canada) 


. New Bandsystems in Emission Spectra of P,, As,, Sb, Po, AsO and SbO 


S. Mrozowski1—The University of Buffalo 


. Absorption Bands of Alkali Metals Due to the Presence of Foreign Gases 


SHANG-yYI Cu’EN—University of Oregon 


. On the Theory of Molecular Vibration 


Wa ter F. Epcett—Purdue University 


. Quantum Mechanics of the Symmetric Rotor 


Wave H. Suarrer—tThe Ohio State University 


. Solution of the Wave Equation for Two Loosely-Coupled Completely Asymmetric 


Molecules 
DonaLp G. BurKHARD and Joxun C. Invin—University of Colorado 


. On the Effect of Intramolecular Strain on Molecular Vibrations 


Emit J. SLowrysk1, Jr.—The University of Connecticut 


. The Effect of the Differing Asymmetry of the Vibrational States on The Intensity Distri- 


bution of the Rotational Fine Structure of Vibrational Bands 
Harry C. ALLEN, Jr.—Harvard University 


. Relaxation Times for Vibrational Absorption 


J. C. Dectus—Oregon State College 


. Design Considerations for Gas Analyzer Detectors 


Ropert E. Jenkinson, E. Manrinc and DupLey WiLLIams—Ohio State University 


. Intensities of Combination and Difference Bands of Carbon Dioxide 


W. 5S. Benepict and R. C. HeErman—The Johns Hopkins University 


. The Potential Constants and Centrifugal Distortion of Methy! Chloride 


Tsu-SHen Cuanc and Davip Dennison—University of Michigan 


. Free Electron Model versus LCAO Model for Conjugated Systems 


Kaus RvUEDENBERG and CHARLES W. ScHERR—The University of Chicago 


2. A Molecular Orbital Treatment of n-z Transitions in Substituted Benzenes 


LioneEL GoopMAN and Harrison SHuLL—lIowa State College 


. Absorption Spectrum of the Free HCO Radical 


D. A. Ramsay—National Research Council (Canada) 


. A Complete 10-Electron LCAO MO Self-consistent-field Treatment of H,O 


Frank O. and Harrison State College 
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. The Ultraviolet Absorption Spectrum of HCN 


K. K. Innes and G. Herzperc—National Research Council (Canada) 


}. The Ultraviolet Absorbance of Thyroxine and its Derivatives 


CuaLmers L. GemmiLt—University of Virginia Medical School 


. Photoionization of Molecules in the Vacuum Ultraviolet 
Epwarp C. Y. Inn—Air Force Cambridge Research Centre 


8. Absorption Coefficients of Ozone in the Vacuum Ultraviolet 


Yosuio Tanaka, Epwarp C. Y. Inn and K. Watanase—Air Force Cambridge 
Research Centre 


9.. Survey of Experimental Infrared Spectroscopy 
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The OH-vibration frequencies of carboxylic acids and phenols 
J. D. S. GouLpDEN 


Biochemistry Division, Research Dept., Boots Pure Drug Co. Ltd., Nottingham. 


Summary—The OH-vibration frequencies of carboxylic acids and phenols have been examined 
in an attempt to correlate these frequencies with their acid dissociation constants. All the values 
for phenols fell on a single straight line, enabling approximate pK, values to be found from 
accurate determinations of OH-frequencies. The values for the carboxylic acids fell on three 
straight lines so that it is necessary to know the type of acid before approximate pK, values can 
be predicted from infra-red measurements. 


Introduction 


A number of papers have been published in which attempts have been made to 
correlate OH-vibration frequency measurements with other molecular properties. 
This investigation was undertaken to see whether any direct correlation could be 
found between acid dissociation constants and OH-vibration frequencies of carb- 
oxylic acids and phenols and thus enable approximate pK, values to be found from 
the infra-red spectra of the compounds. 

Fox and MartTIn [1] and Davies and SUTHERLAND [2] have shown that in dilute 
carbon tetrachloride solution, aliphatic alcohols, phenols and carboxylic acids absorb 
at about 3630cm~'!, and 3530cm~-' respectively. Davies and 
SUTHERLAND also observed that the OH-vibration frequencies of the stronger 
carboxylic acids were lower than those of the weaker acids. FLEtt [3] showed that 
the substitution of electron-attracting groups in the m- and p- positions of benzoic 
acid was accompanied by a fall in the OH-vibration frequency, but in a further 
investigation of a large number of carboxylic acids [4], concluded that no comprehen- 
sive relationship could be established between the other characteristic frequencies 
of carboxylic acids and the dissociation constants of the acids. Baturv et al. [5] 
have shown that the OH-vibration frequencies of alcohols obtained from their 
Raman spectra decreased systematically with rise in the acidity of the OH group 
and INGRAHAM ef al. [6] have shown that a straight line relationship exists between 
the infra-red OH-vibration frequencies of phenols and HAMMETT’s o-values. 

From these observations, it seemed likely that some relationship would exist 
between the pK, values and OH-vibration frequencies of acids and phenols. 


Experimental 
A grating spectrometer [7] was used to obtain accurate measurements of the OH-frequencies, and it is 
considered that the values listed below are accurate to lem! for most of the acids and phenols. A few 


of the carboxylic acids had such low solubilities in carbon tetrachloride that only a weak absorbtion 
band was observed, even when a saturated solution was examined in a 5cm cell. In these cases, the 
accuracy of the OH-frequency measurements is considered only to be about + 2cm~'. Solutions were 
examined at 25° C, using an instrumental slit-width of 0-10 mm. 

Most of the acids and phenols used for this investigation were commercial samples which had been 
purified by recrystallisation or distillation until their melting points or hoiling points were in accord with 
those recorded in the literature. In a few cases, it was necessary to prepare the materials by the usual 
literature methods. Analar carbon tetrachloride was used as solvent and was carefully dried with 
phosphorus pentoxide and fractionally distilled before use. 

Acids containing NH- and OH- groups in addition to the CO,H- group were too insoluble in carbon 
tetrachloride to enable measurements to be made. These insoluble acids included the hydroxy- and 
amino-acetic acids, pyridine carboxylic acids, and most di-carboxylic acids. 
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Table 1. OH-vibration frequencies of carborylic acids in carbon tetrachloride 


Acid tte (25 C in 

H,0) 
Trifluoroacetic 3504 
Trichloroacetic 3505 
Dichloroacetic 3511 
a-Bromoallocinnamic 3514 
Pheny|lpropiolic 3517 
Cyanoacetic 3516 
Tetrolic 
p-Nitrophenoxyacetic 
Bromoacetic 


ces out 


Chloroacetic 
a-Bromobutyric 
x-Phenoxypropionic 


Phenoxyacetic 
kk racetic 


WWM 


Methoxyacetic 


£-Bromopropionic 
§-Phenoxypropionic 
Acetic 

Cyclohexane carboxylic 
n-Octoic 
Trimethylacetic 


x 


www ww 


oo 
to = 


~ 
— 


Triphenylacetic 
p-Nitrophenylacetic 
Diphenylacetic 
Phenylacetic 
p-Nitrophenylpropionic 
Phenylpropionic 
p-Nitrobenzoic 


Ww te 


-* 
» 
- 


= 


oo 


m-Nitrobenzoic 
a-Naphthoic 


oo 


m-Chlorobenzoic 
ypic 
p-Chlorobenzoic 
m-Hydroxybenzoic 


on 


x 


n oR 


m-Nitrocinnamic 
B-Naphthoic 

Benzoic 3536 
Cinnamylidene acetic 3540 
Cinnamic (trans) 3538 
3: 4 Dimethoxybenzoic (Veratric) 3540 
p-Methoxybenzoic (Anisic) 3541 
p-Hydroxybenzoic 3540 
p-Methoxycinnamic 3541 
p-Hydroxycinnamic (trans) 3542 
Crotonic 3541 
1 : 3-Hexadienic (Sorbic) 3542 
p-Aminobenzoic 3543 
1-Methylerotonie (Tiglic) 3545 
p-N-dimethylaminobenzoic 3545 


Ne 
| ; 
10 
| 10 
| 11 
| 
| 
8 
| 
11 
10 2.86 8 
12 3-11 11 
13 3-12 11 
15 3-53 ll ; 
17 4-27 11 
18 476 8 
19 | 4:87 8 VULie 
20 6 
1052/' 
| 
| 
; 
30 
31 
32 
33 
34 
35 
36 
37 
38 | 4°43 ll 
39 4-44 11 
= 40 | | 4-44 11 
41 | 447 8 
42 | | 454 | 8 
43 | | 454 | 
44 | 4-67 il 
45 | 4-69 8 
46 | | 4-76 
47 | | 4-92 11 
48 | | 5-02 1] 
49 5-03 | 
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Results 


The tables below list the frequencies found for the acids and phenols, together with 
the pK, values used and their sources. As far as possible the pK, values taken 
were those quoted by Dippy [8] for the thermodynamic dissociation constants 


in water at 25° C. 


Table 2. OH-vibration frequencies of phenols in carton tetrachloride. 


Fig. You pK, 

Ne Acid (3s Ref. 
p-Nitrophenol 3593 7:14 15 

51 p-Cyanophenol 3594 7-52 ll 
52 p-Hydroxybenzaldehyde 3596 7:66 11 
53 m-Hydroxybenzaldehyde | 3603 8-0 ll 
54 p-Hydroxyazobenzene 3600 8-31 ll 
55 m-Nitrophenol 3599 8°35 15 
56 m-Chlorophenol 3606 9-02 16 
57 p-Chlorophenol 3608 9-38 16 
58 Resorcinol (m-Dihydroxyphenol) 3608 9-44 | 11 
59 p-Aminophenol 3614 9-8 18 
60 a-Naphthol 3609 9-83 7 
61 B-Naphthol 3609 9-91 17 
62 Phenol 3609 9-95 16 
63 p-Methoxyphenol 3614 10-16 19 
64 p-Methylphenol (p-Cresol) 3612 10-17 20 
65 2 : 5-Dimethylphenol 3613 10-28 20 
66 3 : 4-Dimethylphenol | 3612 10-32 20 
Thymol 3611 10-49 20 


Discussion 
The acids and phenols examined here were selected to avoid the effects of internal 
hydrogen bonding. Since many 0-substituted benzoic acids and phenols are known to 
form internal hydrogen bonds, only m- and p- substituted benzoic acids and phenols 
were included in this investigation. Carboxylic acids are known to form hydrogen- 
bonded dimers at concentrations greater than about M/50 in carbon tetrachloride 
solution [21]. All the solutions examined here were at concentrations of about 
M/500 or greater, in order to ensure that most of the dimeric molecules were 
dissociated. 

A single sharp OH-frequency was observed for all the acids and phenols, 
except methoxy- and phenoxy- acetic acids. Methoxyacetic acid showed two 
sharp bands of about equal intensity at 3524 and 3447 cm~, whilst phenoxyacetic 
acid showed a strong band at 3523 cm~, together with a weaker band at 3485 cm~!. 
In both cases, the higher OH-frequency was found to fall on the acetic-type slope 
(Fig. 1) and it seems probable that the lower frequencies may arise from some of 
the molecules which are internally hydrogen-bonded. 
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The OH-frequencies of all the acids examined fell on one of three straight lines. 
Acids having a double bond directly attached to the a-carbon atom fell on the 
= CR.CO,H-type line; this class of acids including the unsaturated aliphatic acids, 


3500 


Fig. 1. OH-vibration frequencies of carboxylic acids and pK, values. 


3620 


Fig. 2. OH-vibration frequencies of phenols and pK, values. 


naphthoics and cinnamics, in addition to the substituted benzoic acids. Acids 
falling on the CR, R,R,.CO,H-type line were largely the substituted acetic acids in 
which the R groups were alkyl, halogen, phenoxy or methoxy groups. A third type 
of acid showed, in which the double bond system was separated from the carbonyl 
group by a methylene chain. The appearance of these three lines seems to be 
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related in some way to the conjugation of the carbonyl group with the rest of the 
molecule, since in the = CR.CO,H-type acids, electron release on to the carbonyl 
group can occur by the mesomeric effect of the carbonyl group and the double 
bond at the a-carbon atom. In the = CR.(CH,),.CO,H-type acids, the electron 
release to the carbonyl group can only be passed to a lesser degree across the methy- 
lene groups by the inductive effect mechanism. It was hoped to be able to relate 
these conjugation effects to changes in the carbonyl vibration frequencies, but 
the results of FLert [4], together with the unpublished results of the author showed 
that no systematic relationship could be found for the carbonyl vibration frequencies 
and the pK, values. 

All the OH-frequencies of the phenols and naphthols fell on a single straight line 
as shown in Fig. 2, the only marked deviations being the values for m-hydroxy- 
benzaldehyde, p-aminophenol and thymol. 

Although intensity measurements were not accurate enough to enable correla- 
tions to be made with the frequencies, it was observed that the € ,,,,, values of the 
carboxylic acid hydroxyl groups were in the region of 50, whilst those of the phenols 
were in the region of 250. 

The author wishes to thank Mr. M. Currt for assistance in the purification of 
many of the compounds used in this investigation. 


Conclusions 


From the results of Fig. 2, it is possible to calculate approximate pK, values for 
phenols from accurate measurements of their OH-vibration frequencies in carbon 
tetrachloride solution. For carboxylic acids, the appearance of three lines in Fig. 1, 
makes it necessary to determine first the type of carboxylic acid from infra-red or 
other data, before approximate pK, values can be calculated from their 
OH-vibration frequencies. 


References 


[1] Fox, J. J. and Martin, A. E.; Proc. Roy. Soc. 1937 A162 419-441. [2] Davues, M. M. and 
SUTHERLAND, G. B. B. M.; J. Chem. Phys. 1938 6 755-766. [3] Fierr, M. St. C.; Trans. 
Faraday Soc. 1948 44 767-774. [4] Fiert, M. St. C.; J. Chem. Soc. 1951 962-967. [5] Baturv, 
M. I., Meshcueryakov, A. P. and Matveeva, A. D.; Zh. Eksp. Teor. Fiz. 1950 20 318-322. 
[6] Incranam, L. L., Corse, J.. Bartey, G. F. and Srirr, F.; J. Amer. Chem. Soc. 1952 74 
2297-2299. [7] Goutpen, J. D. 8.; J. Sci. Instrum. 1952 29 215-216. [8] Dippy, F. J. P.; 
Chem. Rev. 1939 25 151-211. [9] Fuson, N., Josten, M-L., Jones, E. A. and Lawson, J. R.; 
J.Chem., Phys. 1952, 20 1627-1634. [10] Kitparrick, M.; Ann. N.Y. Acad. Sci.; 1949 §1 673-679. 
[11] Hermsron, I. M. and Bunsury, H. M.; Dictionary of Organic Compounds, Eyre & Spottis- 
woode, London 1943. [12] WALDEN, P.; Z. Phys. Chem. 1892 10 638-664. [13] Jenkrys, H. O.; 
J. Chem. Soc. 1940, 1477-1453. [14] Laver, K.; Ber. Dtsch. Chem. Ges. 1937 70B 1288-1293. 
[15] Smrrn, T. B., Wurre, C. A., Woopwarp, P. and Wyatt, P. A. H., J. Chem. Soc. 1952 
3848-3854. [16] Jupson, C. M. and Kriuparrick, M.; J. Amer. Chem. Soc. 1949 71 3110-3115. 
[17] Laver, K.; Ber. Dtsch. Chem. Ges. 1937 70B 1127-1133. [18] Knosiocna, E.; Coll. Trav. 
Chim. Tchecosl. 1949 14 508-531. [19] FLercHer, W. H.; J. Amer. Chem. Soc. 1946 68 2726- 
2728. [20] Boyp, D. R.; J. Chem. Soc. 1915 107 1538-1546. [21] Martin, A. E.; Nature, 
Lond. 1950 166 474-5. 


we 
3/5 
133 


Spectrochimica Acta, 1954, Vol. 6, pp. 134 to 138. Pergamon Press Ltd., London 


The effect of argon atmospheres on the intensity of 
certain spectral lines* 


S. James ADELSTEIN and Bert L. VALLEET 


Department of Biology and the Spectroscopy Laboratory, 
Massachusetts Institute of Technology, Cambridge, Massachusetts 


( Received 8 May 1953) 


—The use of argon as an environment for the direct current arc results in the enhancement of 
the lines of many elements when compared with helium and argon-helium mixtures. This is particularly 
true of the more volatile elements. A number of lines have been studied in this regard and the results 
have been qualitatively grouped as lines definitely, equivocally, and not atallenhanced. In some instances 
the use of an argon environment for the direct current arc markedly increases the sensitivity of analysis 
with this source. 


Recent observations of the direct current arc, burning in pure argon and in argon- 
helium mixtures, have indicated a marked prolongation in the volatilization of 
elements arced in high percentage argon environments[1]. In many instances an 
enhancement of line intensity has been found coincident with the prolonged 
volatilization already described when samples are burned to extinction. The 
adoption of controlled gas environments therefore facilitates the spectrochemical 
analysis of some elements present in low concentration. 

In the present study, argon and argon-helium mixtures were employed as 
environments for the direct current carbon arc to evaluate the line intensities of 
several metals at different elemental concentrations in a calcium carbonate- 
powdered graphite matrix. Lines of 28 elements were examined and the intensities 
for concentrations varying from 67 to 1-3 ppm studied. 
Experimental 
The methods and materials used for this investigation have been described 
previously [2]. Table 1 lists the lines examined and the salts of the elements 
which were added to the matrix in concentrations varying from 67 to 1-3 ppm. 
The dilutions were ground thoroughly in agate mortars, mixed further in a small 
vibrator, dried in an oven and stored in a desiccator until arcing time. A gas 
proportioner calibrated for argon and helium maintained a flow into the chamber 
of between 20 and 30 cubic feet per hour. Gas mixtures of 100% argon, 50% 
argon-50°%, helium, and 100° helium were used. 

All samples were arced as follows: in 100% argon for 11 minutes, in 50% 
argon-50°, helium for 4-4 minutes, in 100° helium for 1-85 minutes. These 
arcing periods were determined according to the principle previously reported [1] 
and represent the average arcing time of 9 elements (15 lines) present in a sample 
at a concentration of 67 ppm. For control purposes the samples were also arced 
in 100%, helium for 4 minutes and intensities compared with those obtained at 


* Supported by the Williams-Waterman Fund and Research Corporation New York, N.Y. 
+ Howard Hughes Fellow in Medical Research. 
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1-85 minutes to insure that differences were not due to premature extinction of 
the arc in low argon environments. Within the error of measurement the results 
obtained in these two arcing periods were the same. 


Table 1. Elements and Salts Added to the Matrix 


q Lines Examined Salt Lines Examined 
Al,O, Al 3082-155 Mn,0, Mn 2593-729 
4030-755 

Ag,O Ag 3280-683 
3382-891 MoO, Mo 2816-154 


BaCl,.2H,O Ba 4934-086 NiO Ni 3492-956 


BeSO,.4H,O Be 3131-072 Nb,O, Nb 3094-183 
3321-343 
Bi,O, Bi 3067-716 (NH,),PdCl, Pd 2763-092 


3634-695 


CdO Cd 3261-057 Pb 3683-471 


Cr,0, Cr 2860-934 (NH,)RuCl,; Ru 3498-942 
4254-346 


Co,0, Co 3453-505 28c,0, Se 3907-476 
4246-829 


CuO Cu 3247-540 SnO, Sn 2839-989 
3273-962 


Ga,0, Ga 4172-056 SrCO, Sr 4077-714 
4832-075 


GeO, Ge 3039-064 TiO, Ti 3653-496 
3685-195 


In,O, In 3039-356 V,0; V 3102-299 
4101-773 4379-238 


Li,CO, Li 3232-61 Y 3710-290 


Results 


The results as shown in Table 2 are qualitatively grouped into three categories: 
Group A, lines which are definitely enhanced in argon; Group B, lines, the enhance- 
ment of which in argon, is equivocal; Group C, lines which show no enhancement 
in high argon concentration. Ti 3653-496, Sr 4832-075, and Al 3082-155 were the 
only lines clearly not enhanced in argon. 
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Fig. 1 shows are intensity-concentration plots for Ag 3280-683 and 3382-891, 
Ba 4934-086, Be 3131-072, Cu 3247-540 and 3273-962, In 3039-356 and Ni 3492-956. 
These graphs clearly visualize the increase in sensitivity obtained in these instances 
by the use of arc environments with high argon content. 


O+100%A © +50% - 50% He 6+100% He 
In 3039.356 
> 3 
Ag 3362.89) af Cu3273.962 Ni 3492.956 
w 
3 
2 : 
w 
2 
1.0 = Ag 3280.683 Cu 3247.540 Be 3131.072 Bo 4934.086 
6.7 13 67 6.7 \3 67 6.7 13 67 6.7 13 67 


CONCENTRATION IN PARTS PER MILLION —» 


Fig. 1. Analytical curves of 8 lines arced in 100% A, 50% A-50% He, 100% He. 


Discussion 
In high argon environments the intensity-concentrations curves for Ba 4934-086, 
Pb 3683-471. Pd 3634-695, Ni 3492-956, Ag 3382-891, Be 3321-343, Ag 3280-683, 
Cu 3273-962, Cd 3261-057, Cu 3247-540, Be 3131-072, V 3102-299, Bi 3067-716, 
In 3039356, Ge 3039-064, Cr 2860-934, Sn 2839-989, Mo 2816-154, Pd 2763-092, 
Mn 2593-729. Sc 4246-829, Y 3710-290, Nb 3094-183 are shifted significantly 
toward higher values. Mg 3829-350 and 2795-53 and Fe 2628-292, present in the 
matrix, were also significantly enhanced in 100°, argon. For Ga 4172-056, 
In 4101-773. Ti 3685-195, Ru 3498-942, Co 3453-505, Sc 3907-476 the enhancement 
is obvious at low elemental concentrations only. The lack of enhancement at 
higher concentrations is not understood but may represent incomplete volatiliza- 
tion of these elements at high concentrations in the “average” arcing times 
employed. 

In some instances dichotomous results have been obtained with two lines of the 
same element in which one line is apparently greatly enhanced over another, 
e.g. Mn 2593-729 V, and 4030-755 U,, In 3039-356 U, and 4101-773 U,. In these 
instances the line enhanced disappears earlier from a moving plate and has a 
lower relative intensity. 

Enhancement is most obvious for elements of ready volatility (e.g. zinc, 
cadmium, lead, silver) and should be more easily demonstrated for other elements 
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by proportionately increasing the time of arcing in high argon environments. It 
has been suggested previously [1] that this enhancement might be due to an 
imereased excitation efficiency by virture of a more rapid rate of diffusion of 
elements into the are column; this would be particularly true of the more volatile 
elements. Preliminary experiments increasing the electrode current from 6 to 15 
amperes have shown an increased sensitivity for tin, cadmium, lead, silver, and 
zinc in high argon atmospheres. 

The number of instances in which a line not demonstrable in helium is measur- 

able with some accuracy in argon should be noted (Cd 3261-057, Cr 2860-934, 
Sn 2839-989, Pd 2763-092, Ge 3039-064); the increase in sensitivity favours the 
use of argon in preference to helium atmospheres. 
Cu 3247-540 
Cu 3273-962 
in accordance with prediction of theory [3]. This intensity ratio is elevated 
markedly in both helium and argon atmospheres, particularly when the concentra- 
tion of elements in the sample is high. 

The lines included here have been studied at other elemental concentrations 
and arcing times; results are similar to those presented. The enhancement of 
lines could not be shown to bear any discernible relationship to their excitation 
or first ionization potentials. 


in air atmospheres 


AHRENS has reported an intensity ratio of 2 for 
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The Argonne thirty-foot spectrograph 


Frank 8. Tomkrys and Mark 


Chemistry Division, Argonne National Laboratory, Lemont, Illinois 
( Received 25 June 1953) 


Summary—The new Argonne spectroscopy laboratory includes a thirty-foot Paschen-Runge 
mounting, utilizing either plates or photocells. Construction details are presented of note- 
worthy items, e.g., the interchangeable fixed slits, grating holders, and source optical benches. 
For photoelectric detection the exit slit assembly is pulled along the continuous plate rail by a 
selsyn drive. Optimum masking of the grating was established by scanning Hg™ lines. Typical 
spectra are reproduced. 


Introduction 


In designing the new permanent Argonne spectroscopy laboratory the need was 
recognized for a high resolution spectrograph for fundamental research and for 
isotope assay, for which a large Paschen-Runge mounting appeared to be most 
suitable. This spectrograph has the advantage that high and low orders of the 
spectrum can be observed simultaneously, which is very desirable for limited 
samples, and it can be easily converted from photographic to photoelectric 
recording. The construction followed is conventional in principle but incorporates 
a number of features designed for maximum flexibility and convenience. 


Construction 
The circle is housed in a room constructed with walls and ceiling of four inches of Foamglass 
between fibreboard panels. The large outer room and basement are maintained at a tempera- 
ture of 74 + 0-5°F, and a maximum humidity of 50%. Because of its thermal insulation the 
spectrograph room has a negligible temperature variation. 

The circle is supported by twelve concrete pillars, isolated from the floor of the spectrograph 
room and resting on a basement slab 18 x 18m x 33cm thick. The slab is isolated from the 
foundation of the rest of the wing, which in turn is isolated from the rest of the building. No 
vibration is apparent. 

The construction of the circle is shown in Fig. 1. The ring is formed from four pieces of 
channel iron 22-9 x 8-3 cm rolled to an inside radius of 457cm. Large brackets every four feet, 
three-quarters of the way around the circle, support upper and lower curved plates of 12 x 92mm 
steel. The steel plates support two series of brass plates 4 x 75 mm, adjustable by screws for 
focus. The brass plates in turn support upper and lower continuous steel strips, 1-5 x 25 mm 

< 22:5 m which constitute the focal surface. Hinged spring clips every 113 mm hold the 
50 x 460 mm photographic plates in contact with this continuous strip. The strip also serves 
as a track for the photomultiplier carriage. 

The adjustment of the circle was carried out by means of a radius arm which could be 
rotated about a central pier. 

The grating mounting is shown in Figs. 2 and 3. The assembly rests by means of a three- 
point kinematic support on a base plate which is bolted to the ring. The grating is supported in 
a cell which is held by means of a spring against three adjusting screws in the outer housing. 
The outer housing can be rotated 180 degrees about a horizontal axis in order to utilize either 
face of the rulings, and the cell adjusting screws permit orientation of the grating axis inde- 
pendently of the rotation axis in order to compensate for error of run. 


139 


ue 
) 


Frank S. Tomxrns and Mark FRED 


The orientation of the rotation axis is accomplished by an azimuth adjustment and three 
levelling screws which support the assembly on the base plate. Duplicate mounting assemblies 
are provided so that two different gratings of the same radius can be adjusted independently 
and interchanged on the base plate. 

Two slit positions are provided at 23-degree and 53-degree angle of incidence. Fig. 4 shows 
a slit assembly in position at one of the slit housings. Fixed slits are used, mounted on tubes 
which extend between the continuous strips, causing a minimum of interruption of the spectrum. 
The slit tubes are extensions of conical aluminium castings (Fig. 5) which are supported on vee 
blocks. Each slit assembly carries an arm with a tangent screw adjustment, which operates 
against a micrometer stop. Each slit is made parallel to the grating rulings at one slit position 
by means of its tangent screw adjustment. Then, by adjustment of the micrometer stop at the 
other slit position, the slits are made completely interchangeable. Slit assemblies with widths 
from 8 to 250 microns, increasing by factors of 1-5, are provided. For adjustment of slit width 
and parallelism of the jaws, the method of Preuss [1] was found convenient. The slit tubes are 
used as supports for diaphragms, filters, and field lenses. 

A decker® is provided, controlled from outside the spectrograph room and hung from the 
ceiling so as to have no contact with the circle, by means of which the upper, lower, or middle 
strip of the plates can be exposed or masked. 


Adjustment 


The axis of the radius arm bearing was adjusted to be vertical by means of a precision level. 
Using a pointer on the radius arm the brackets were positioned and levelled. By means of a 
dial indicator on the end of the arm the brass strips were adjusted to + 0-25 mm of the proper 
position determined by the measured radius of the grating blank (914 + 0-04cm) [2]. The 
slits and gratings were similarly positioned. The grating was then adjusted according to the 
procedure adopted by MEIssNER and WANNLUND [3]. The optic axis of the grating was made 
coincident with the rotation axis of the grating mounting by an autocollimation method. An 
illuminated cross was placed on the focal surface opposite the grating and the grating cup screws 
were adjusted until the reflected image was superp« sed on the cross for both orientations of the 
grating. The rotation axis was made to pass through the centre of the circle by placing the 


cross at the centre of a diffraction pattern produced by a vertical rod mounted above the centre 
of the radius arm bearing and illuminated by a slit source above the centre of the grating. The 
grating rulings were made vertical for each orientation by adjustment of the two micrometer 
stops on the grating mounting until the spectrum was horizontal, as determined by a pointer 
on the end of the radius arm. 

The focus of the spectrum was then determined photographically at various points around 
the circle, using small adjustable plateholders. Light sources giving single lines were first used 
to give a preliminary check. Later Zeeman doublets and hyperfine structure patterns were 
employed, since it was found that the sensitivity was much greater for lines at the limit of 
resolution. Focus and slit tilt adjustments had to be made by alternate successive approxi- 
mations. Using the hyperfine structure of Hg 2537 in the tenth order (Fig. 12a), the focus 
could be determined to within + 0.5 mm, and the slit tilt to within +40 seconds of arc (0-002 in. 
change of the micrometer stop at the end of a ten-inch lever arm). The focal curve so obtained 
departed from the circle by increasing amounts from the direct image, the sign of the departure 
being reversed on rotating the grating about its axis, indicating error of run. This was com- 
pensated for by rolling the grating [4] an amount which moved the normal 9 mm, and by moving 
the slits accordingly. The spectrograph is thus in focus for both orientations of the grating and 
both angles of incidence, and the circle remains undistorted for use with other gratings of the 
proper curvature. 

The intensity distribution around the circle was determined by photoelectric measurements 
with various Hg lines, and is shown as a polar diagram in Fig. 6. It is apparent from this figure 


* The decker is a plate-masking device of metal strips by means of which the upper, lower or 
middle strip of the plates can be exposed or covered. 
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Fig. 1. View of the plate rails showing plate and photocell assembly 

mounted. A. Decker support. B. Steel plates. C. Brass plates. 

D. Continuous strips. E. Plate clips. F. Photographic plate. G. Photo- 

multiplier carriage. H. Drive unit. I. Spring tension drum. J. Limit 
switches. K. Intercommunication phone jacks. 


B. Three point supports. 
E. Cell adjusting screws. 


Fig. 2. Grating mountirig. Rearview. A. Base plate. 


C. Azimuth adjustment. D. Micrometer stop. 
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Fig. 3. Grating mounting. Front view (cover plate removed). 
A. Focus adjustment. B. Cell. C. Masks. 
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Fig. 5. Slit assembly. 


Fig. 4. Slit housing assembly. 

A. Micrometer stop. B. Tangent 

screw adjustment. C. Spring 

clamps. D. Flexible cable for 
shutter. 
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Fig. 8. Floor locator. <A. Height 
adjustment. B. Height adjustment 
clamp. C. Cart height adjustment 
lock nut. D. Spanner holes for lateral 
adjustment of outer disc. E. Spanner 
holes for orientation of inner disc. 


Fig. 7. Portable optical bench at 
rear set of locators, 23-degree slit. 
Two of the front set of locators 
can be seen to the right of the cart. 
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that the groove shape of the grating is such that one face is at about 16 degrees to the normal 
and the other at 53 degrees. Thus one orientation is bright in low orders and the other bright in 
high orders. The masking of the grating was carried out by photoelectric scanning and is 
described below. In spite of the small usable area (ca. 8 x 5 cm) of the present grating, its speed 
is comparable to that of a good three-meter grating. A grating with a larger usable area would 
be desirable. 


Fig. 6. Polar diagram of the intensity distribution for 23- and 53-degree angle of incidence for 
both orientations of the grating. 


Accessories 


Portable optical benches have been provided which are mounted on carts with retractable rubber 
casters (Fig. 7) and are positioned by means of a three-point kinematic support provided by 
sets of locators fixed in the floor in front of each slit of the Paschen-Runge mounting and also in 
front of the other spectrographs. The floor locators are adjustable in height to correct for slight 
differences in height of the spectrograph slits, and are adjustable laterally by means of an 
eccentric dise (Fig. 8). The cart legs are adjustable in height and the optical bench supports 
adjustable laterally. By this means any optical bench is immediately aligned when placed in 
position before any spectrograph. Extra locators are provided so that benches may be lined 
up in tandem or at right angles. 

Movable optical benches are provided which can be clamped to any point of the ring and 
oriented toward the grating. These provide support for various accessories, e.g., multipass 
mirrors, photoelectric scanning attachments, or lenses. Cylindrical lenses in front of the plate or 
photomultiplier tube have been used for shortening the line image. A 36 mm diameter lens 
forming a line image 2 mm high results in a photographic intensity gain of 18 and a photo- 
electric gain of about 5, the latter due to utilization of the most sensitive area of the photocathode. 

An intercommunication system between the inside of the grating room and each slit position 
is very convenient during adjustments, loading plates, etc. Phone jacks are provided at intervals 
around the decker supporting strip. 

The photomultiplier carriage is supported on the lower continuous strip by two grooved 
wheels and held in position by two smooth wheels in contact with the upper strip. Adjustments 
are provided for rotating the photocell about the exit slit to intercept the beam for any position 
on the circle (Fig. 10, D); a cross slide for the same purpose (Fig. 9, B); a radial slide for focus 
(Fig. 9, C); slit tilt (Fig. 10, C); and micrometer stops to limit the scanning range (Fig. 9, 
D and E). Interchangeable fixed slits are used, mounted on barrels which can project between 
the rails, and positioned by locating pins to an adjustable support on the photocell block. 
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For scanning, the carriage is pulled along the rail by a flexible cable which is wound on a drum 
by a small selsyn through a nine-to-one gear reduction, working against a constant tension 
spring. The selsyn is controlled from outside the grating room by a master selsyn driven by 
a variable speed motor through a quick change gear box, so that scanning speeds of 0-2 to 
50 mm/min can be obtained. The drive unit, the tension drum, and the two limit switches which 


automatically reverse the direction of scan are clamped to the lower rail. A scanning range of 
about one meter is available. The construction is shown in Figs. 1, 9, and 10. 

For lines falling near the entrance slits inaccessible with the above apparatus, another type 
of carriage was designed which can be mounted on the radius arm or on one of the movable 
optical benches. A plane mirror intercepts the line and reflects it to the exit slit. Focusing 
is accomplished by suitable adjustment of the mirror and exit slit. This system can also be used 
for simultaneous measurements of close line pairs. 


~ === GRATING UNMASKED | 
——— CRATING MASKED 


Fig. 11. Effect of masking the grating. Photoelectric recording of Hg'’* 5461, V order. 


Masking the Grating 
A number of close, irregularly spaced components were observed on either side of the parent 
line in photographs of heavily exposed lines. These spurious lines could be reduced by masking 
the grating. This was accomplished by scanning various Hg™ lines with the photomultiplier 
arrangement described above while successively masking various portions of the grating. The 
areas to be masked were determined in part by observing the grating visually through the exit 
slit located at the positions of the spurious lines. The two narrow masks which can be seen in 
Fig. 3 were located in this manner. Such narrow regions are difficult to locate with the knife 
edge test. 

The effect of the masking is shown in Fig. 11, which is a trace of Hg" 5461, V order, using 
25 micron entrance and 10 micron exit slits. The broken curve shows the trace with the grating 
unmasked, and the solid curve the trace with optimum masking over portions of the grating. 
It is apparent that the spurious line or background intensity has been considerably reduced but 
not completely eliminated, at a loss of 30% of the peak intensity. 
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Fig. 9. View of photomultiplier carriage, looking toward grating. A. Photomulti- 
plier. B. Cross slide adjustment. C. Focus adjustment. D. Micrometer stop. 
E. Limit switch. 


Fig. 10. Slit side of photomultiplier carriage. A. Slit. B. Slit barrel interchange 
—- C. Slit tilt adjustment. D. Photomultiplier angular orientation clamps. 
. Lower support wheels. F. Upper support wheels. G. Micrometer stops. 
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5 Fig. 12. Typical spectra obtained with the thirty-foot 
: spectrograph, reproduced at the same magnification. 
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The Argonne thirty-foot spectrograph 


Performance 


The spectrograph has been in use for two years. The accuracy attained in wave- 
length measurements of complex spectra has fully met our expectations. The 
relatively high photographic speed and the high resolution have been found very 
useful in obtaining hyperfine structures and isotope shifts with limited samples [5, 6]. 
With light sources giving narrow lines, approximately the theoretical resolving 
power of 45,000 per order is obtained. Fig. 12 shows some typical spectra. 
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Tables of the arc and spark spectra of graphite in air 
observed at medium dispersion 
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(Received 17 May 1953) 


A disadvantage found during work with the FeLpMaN [1] porous cup technique 
was the absence of immediately available information regarding the identity of 
those atomic lines and molecular bands which are due merely to the electrode 
materials and the surrounding atmosphere. Having measured the wavelength of 
such an interfering band or line, one had usually to engage in a literature search to 
determine its identity and this tended to be a lengthy proceeding which could not 
be tolerated if the porous cup method was to achieve a wide application. With 
the adoption of gold as an internal standard, and the attempt to explore all parts 
of the spectrum for analytical line-pairs, it became evident that specific spectrum 
tables would be a necessity, and work was put in hand which aimed at providing 
such tables. 


Table 1. Standard conditions used in the preparation of the Arc and Spark spectrograms. 


Spectrograph Hilger Medium 
Slit width 0.010 mm 
Slit length 2.5 mm 
Distance of electrodes from slit 
no quartz condenser used 38.0 cm 
Photographic plate Ilford Long Range Spectrum 


Arc conditions (normal for the qualitative examination of a small sample of 
unknown powder) 


Upper electrode N.C.C. Graphite, 6.5 mm diam “snub” 
pointed to 80° cone 

Lower electrode N.C.C. Graphite, 6.5 mm diam with flat 
end 

Arc gap 2.0 mm 

Applied voltage 180, D.C. 

Current 3.0 amps 

Exposure 30 seconds 


Spark conditions (normal for graphite cup solution spark determinations see Fig. 1) 


Upper electrode N.C.C. Graphite cup, 6.5 mm diameter, 
19 mm long with flat base 

Lower electrode N.C.C. Graphite rod, 6.5 mm diameter 
“snub” pointed to 80° cone 

Spark gap 2.0 mm 

Applied voltage 15000 

Added capacity 0.005 Hilger standesd 


spark set 


Added inductance nil 
Exposure 60 seconds 
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Tables of the arc and spark spectra of graphite in air observed at medium dispersion 


Using the medium dispersion spectrograph, normally employed by us for the 
porous cup technique, spectrograms were recorded of arc and spark discharges 
between graphite electrodes and between silver electrodes inair. Spark spectrograms 
were also recorded from silver electrodes in atmospheres of nitrogen and oxygen. 
In all cases iron arc references were included. Experimental details and standard 
conditions used are given in Table 1. 


Fig. 1. Dimensions of porous cup electrodes 


Spectrograms were examined at a magnification of x 22 in a Hilger spectrum 
projector, the image being superimposed on a previously prepared standard chart 
of the iron are spectrum with wavelength scale. Wavelengths of lines and band 
heads could be determined approximately from this scale, more precise measure- 
ments being obtained with a photo-measuring micrometer although difficulty was 
often experienced in setting the instrument cross wires to broad and diffuse lines. 
Comparison of spectrograms to identify lines with atoms and molecules was made in 
the Judd-Lewis comparator utilising the standards just made and the existing 
library of standard plates. The graphite arc spectrum was first tabulated, this 
was employed as an aid to the elucidation of the more complex spark spectrum. 

Literature consulted included Bropeg [2], Harrison [3], Kayser [4], and 
Pearse and Gaypon [5]. A table given by Brope of the spark spectrum of air is 
probably very old; although useful in obtaining a general assessment, details do 
not agree with Harrison. Wavelengths we have given for atomic lines are mostly 
taken from Harrison, exceptions being lines from doubly (III) and triply (IV) 
ionised atoms taken from Kayser. Wavelengths given for molecular band heads 
are taken from Pearse and Gaypow, the latter not always agreeing precisely with 
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Table 2. Graphite Arc 


L. G. Younes, B. E. J. Spreapsorovex and P. M. 


NH 
NH 


3657-7 
3628-5 
3602-6 


3590-4 
3585-9 
3583-9 


34653 
3432-9 
3404-8 
3380-3 


3370- 
3360- 


< 


4 


if 


| Carbon Swan system 


4 
| Cyanogen Violet system 


>» Carbon Swan system 


Cyanogen Violet system 


Cyanogen Violet system 
tail bands 


Cyanogen Violet system 


Cyanogen Violet system 
tail bands 


Cyanogen Violet system 


Cyanogen Violet system 
tail bands 


Triplet system probably 
from moist cyanogen 
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® A number of faint lines or band heads are present at the low wavelength end of the cyanogen violet 
group 4606-4502, one of these may be CN bhi 4488-8 in the cyanogen red system. 


1 2 3 5 
bhs 4715-2 v a 
Cy bhs 4697-6 v 
bhs 4884:8 bv 
Cy bhs 4678-6 
C, bhs 4668-7 bv 
CN bhl 4606-1 
CN bhi 4578-0 n 
CN bhi 4553°1 n 
a CN bhl 4531-9 n 
oe CN bhi 4514-8 n 
CN bhl 4502-2 n 
*c, bhs 4382-5 by 
C, bhs 4371-4 bv 
bhs 4365-2 bv 
ey CN bhs 4216-0 d 
we CN bhs 4197-2 d —_ 
ce CN bhs 4167-8 d 6 
ip CN bhs 4158-1 d | 1953/ 
ok CN bhs 4152-4 d 
CN bhi 4028-4 
CN bhi 3984-5 
CN bhi 3944-5 
CN bhi 3909-9 
CN bhs 3883-4 
CN bhs 3871-4 
CN bhs 3854-7 
~ CN bhs 3850-9 
CN bhl 
CN bhi 
CN bhs 
bbs 
CN bhs 
CN bhl 
CN bhi 
CN bhl 
bm 
bm 


Tables of the arc and spark spectra of graphite in air observed at medium dispersion 


Table 2. Graphic Arc (continued) 


3 


3359-1 
CN bhi 3340-6 bv 
CN bhl 3322-3 bv 
3296-3 


Cyanogen Violet system 
tail bands 


CN bhl 3203-5 bv Cyanogen Violet system 
CN bhl 3180-2 bv tail bands 

CN bhl 3159-9 bv > 

CN bhl 3142-6 bv The final band at 3114-3 


3127-6 not visible 


3126-4 bv 


3064 A system from 


OH bhl 3121-7 bv 

OH bhl | 3089- bv water vapour 

OH bhi 3078- bv » Many faint lines are 
OH bhl 3067-2 bv present—one at 


3101-6 (Ni I 3101-554) 


3063-6 bv 


2836-710 
2512-03 


2511-71 
2509-11 
2478-573 
2296-89 


Harrison. In the Are tables, given in Table 2, and Spark tables, Table 3, 
information is divided into columns as follows: 


Column 1. The parent atom or molecule. 
Column 2. Degree of ionisation of the parent atom, or particulars of the 
appearance of molecular bands. 
I. the neutral atom. 
Il. singly ionised atom, etc. 
bhs. band head degraded to shorter wavelengths. 
bhi. band head degraded to longer wavelengths. 
bm. band with maximum at... . 
Column 3. Wavelength as quoted in the literature. 
Column 4. An indication of density of line or band head based on visual 
inspection. 
bv. barely visible. 
v. clearly visible. 
n. normal density for microphotometer. 
d. dense. 
Column 5. Observations and notes. 
Column 6. (In spark table only) details of other lines which have been 
considered and relegated. This column also contains lines only 
barely visible in occasional spectrograms. 
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Table 3. Graphite Spark 


5 


8235-408 | 8335-19 
8233-085 8272: 
8230-016 8223-28 
8227-680 

8221-829 

7775-433 6587-75 
7774138 

7771-928 
6582-85 
6578-03 
6562-849 
6562-725 
5007-316 
5005-140 
5001-469 
5001-128 
4803-272 
4788-126 
4781-168 
4775-87 
4762-41 
4705-32 
4699-21 
4698-99 
4676-246 
4661-650 
4649-148 
4643-106 
4630-551 
4621-405 
4613-887 
4607- 
4601- 


< 


4803-00 
4802-2 
4801-8 
4779-710 
4774-222 
4773-76 
4772-89 
4766-62 
4701-16 
4674-98 
4673-71 
4672-75 
4660-05 
4659-94 
4655-36 
4650-853 
4641-827 
4638-865 
4606-1 
4589-89 
4588-98 
4514-8 
4502-27 


< 


v 
v 
v 
v 
b 
b 
v 
v 
v 
v 
n 
n 
d 
n 
n 
n 
n 
v 
v 
v 
v 


4469-41 
4465-45 
4459-96 
4452-41 


4395-95 
4379-55 
4378-41 


| | | | 
1 2 | 3 6 
V¢ Lie 
1952/ 
II 
N II 
N 
N II 
N II 
N II 
N II 
II 4596-13 Oo Il 
II 4590-94 CN bhi 
N II 4552-50 diffuse oO 
N 4530-37 diffuse I 
a Air 4514-8 bv CN bhi 
A N II 4507-58 bv diffuse N 
N II 4477-74 bv diffuse 
Oo II 4467-83 bv diffuse oO 
N Il 4447-035 d oO ll 
4433-48 N Il 
442797 | 
II 4416-974 v 
II 4414-888 n 
II 4411-52 
II 4411-20 
4376-78 Vv diffuse Il 
II 4369-28 
I 4368-3 n ol 
I 4366-906 
| 
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Tables of the are and spark spectra of graphite in air observed at medium dispersion 


Table 3. Graphite Spark (continued) 


4351-275 
O II 4349-435 
Cc 4348-07 
O II 4347-429 
O II 4345-570 Vv O II 4341-94 
O II 4336-85 O IL 4340-29 
N 4336-48 
O II 4331-84 bv 
II 4328-62 bv 
O II 4327-47 bv O II 4325-76 
O II 4319-647 
Il 4318-92 
© II 4317-42 : 
O Il 4317-160 diffuse 
Cc I 4268-99 O IL 4276-64 
Cc II 4267-27 d O II 4275-47 
Cc II 4267-02 O II 4253-98 
N II 4241-80 n O IL 4253-74 
N 4236-98 n Cc 4236-0 
N II 4227-83 Vv Ca I 4226-728 enhanced when | O 4233-32 
O 4222-78 by HC! and HNO, are present N I 4230-35 
CN bhs 4216-0 Vv N 4229-59 
CN bhs 4197-2 Vv O 4217-09 
O II 4189-793 Vv Cc 4212-90 
O II 4185-453 Vv 4212-36 
CN bhs 4181-0 n N II 4179-68 
N 4176-17 bv (?) C bh 4166-7 
CN bhs 4167-8 n O II 4156-54 
CN bhs 4158-1 n O II 4153-310 
CN bhs 4152-4 n 
II 4146-06 
N II 4145-759 
N II 4133-654 |) 
II 4132-82 |j ™ 
0 II 4119-222 n O IL 4121-46 
Oo II 4112-02 bv O It 4110-79 
N I 4109-98 bv 
O II 4105-001 y 
O II 4104-73 
Air 4103-4 
O II 4103-01 N I 4099-94 
oO II 4097-24 
Oo II 4096-53 O IL 4092-94 
II 4085-12 hy 
0 II 4084-66 
Cc II 4076-00 a 
O II 4075-869 
Cc II 4074-89 
Cc II 4074-53 N II 4073-04 
oO II 4072-156 n oO Il 4071-24 
II 4069-903 
4069-635 
N II 4041-325 n diffuse 

4035-090 Vv 4033-64 


| 2 | 3 | ‘ | 5 | 6 
| | 
Lie 
) 
53/54 
/ 
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Table 3. Graphite Spark (continued) 


Z9 


aanancoogoon 


g9°°°°8999 


>> O> 
S59 65 


4028-4 
3994-995 
3982-725 
3973-266 
3969-95 
3957-20 
3955-851 
3954-596 
3954-38 
3948-15 
3947-61 
3947-51 
3947-33 
3945-04 
3944°5 
3920-677 
3919-279 
3919-003 
3918-977 
3912-088 
3911-951 
3883-4 
3883-12 
3882-43 
3882-194 
3876-670 
3876-409 
3876-188 
3876-051 
3871-62 
3871-4 
3861-9 
3854-7 
3850-9 
3749-47 
3729-34 
3727:3 
3712-74 
3590-4 
3585-9 
3583-9 
3576-9 
3491-98 
3470-77 
3470-37 
3437-162 
3408-136 
3390-26 
3377-20 
3374-1 
3370-5 
3367-3 
3365-8 


< < 


a 


bv 


Ca II 3968-468 and 3933-666 
enhanced when HCl and HN O; 
are present 


diffuse 
diffuse 


diffuse 


probably N 


CN bhi 


= 


— 
— 


OF QQ0000 
— 


3953-056 


3952-21 
3952-08 
3951-987 


3909-9 


3878-22 
3875-80 
3874-07 
3864-66 
3864-42 
3857-16 
3856-16 
3856-07 
3851-04 
3847-89 
3843-58 
3842-82 
3838-39 
3836-10 
3832-12 
3830-45 
3829-80 
3759-8 
3757-1 
3754-6 
3639-6 
3590-87 
3589-67 
3588-92 
3587-68 
3585-83 
3584-98 
3577- 
3407-35 


| bhi | 
II 
II 
II 
‘ I 
Lu Vv I 
Il 
I I 
II 
bhi v 
II 
II 
Rey II d 
I 
v 
II 
II d 1952/ 
Il 
d 
II 
i 
= bhs | 
bhs 
bhs 
bhs 
Il | 
| 
i 
| I | 
bhs 
bhs 
bhs | 
bh 
| 
II 
I | | 
d 
II | 
I v | 
Il v 
be 
bv 
bv 


Tables of the arc and spark spectra of graphite in air observed at medium dispersion 


Table 3. Graphite Spark (continued) 


| 4 5 


3361-75 3371-85 
3361-09 3371-3 
3354-05 3339- 
3331-92 3309- 
3331-32 } 3330-30 
3329-5 3312-4 
3328-79 diffuse 3306-54 
3261-0 


3324-58 3305-09 
3320-81 diffuse 3273-54 
3318-87 
3301-56 Ca II 3179-332 and Ca I 

3265-2 3158-869 enhanced when HCl 

and HNO, are present 

3167-95 

3165-99 

3165-51 

3134-79 

3134-32 

3047-13 
3023-80 
3008-83 
3007-74 
3007-28 
3007-08 
3006-90 
2992-63 
2983-78 
2983-6 
2967-91 
2967-31 
2966-88 
2905- 2905-00 
2903-30 2904-29 
2883-82 2903-30 
2837-602 2836-35 
2836-710 2747-50 
2823-67 diffuse (O ?) 
2747-31 

2746-50 diffuse 
2641-44 2641-53 
2640-93 
2640-58 
2591-96 
2582-88 2582-99 
2575-30 2525-1 
2574-86 
2523-20 2524-55 
2512-03 2524°1 
2511-71 2511-0 
2509-11 
2478-573 
2445-55 2444-26 
2433-53 2435-0 


3270-96 


3158-6 
diffuse 3139-75 


3139-3 
diffuse 3138-40 
3121-7 


diffuse, shows more strongly in 
nitrogen spectrogram 


very diffuse 


Cc 
Cc 
Cc 
oO 
N 
Cc 
N 
Cc 
Cc 
Cc 
? 

Cc 
Cc 
N 
Cc 
Cc 
Cc 
Cc 
Cc 
Cc 
Cc 
Cc 
Cc 
Cc 
Cc 
Cc 
oO 


1 | >| s 6 
! 
| 
Cc II 
II 
Air 
Air 
N II 
Air 
N II 
N II 
Air 
Air 
oO II 
Air 
Air 
Il 
II 
Il 
II 
Il 
III 
Lue Il 
II 
-9 Il 
II 
II 
Ill 
II 
Il 
I 
II 
II 
II 
Il 
II 
II 
II 
II 
II 
I 
II 
II 
II 
II 
II 
II 
I 
II 
II 
| | 
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Table 3. Graphite Spark (continued) 


1 2 3 4 5 6 ’ 
Cc 2402-40 v diffuse C Il 2401-77 
? 2354- bv diffuse C— bh 2356-9 4 
? 2353- bv diffuse C— bh 2338-30 
N II 2317-01 oO Il 2327-97 
N II 2316-66 oO Il 2325-95 
N 2316-46 diffuse O Il 2302-83 
II 2316-12 C— bh 2302-7 
oO II 2300-36 bv 2302-12 
Cc Ill 2296-89 d S$ 2236-76 is barely visible 
when H,SO, is present in 

Cc Il 2174-14 solution 
Cc II 2173-86 Vv diffuse 
C- bh 2173-4 
N III 2147-27 bv bh 2150-6 


N III 2148-47 
N III 2148-09 
N III 2147-9 
N III 2147-79 
N III 2146-86 
N III 2145-74 


The symbol C-— has been used to denote an incompletely identified carbon molecule. 


z A Observations made during the course of this work are briefly recorded. In the 
— graphite arc spectrum the presence of OH and NH bands, presumably from water 
a vapour in the atmosphere, calls for special mention. The masking effects of 
oe cyanogen, etc. bands in are spectrograms are immediately obvious but not until 
tae the less intense spark spectrum of graphite in air was examined critically and the 
Table had commenced to grow was its complexity, extent and potential for inter- 
ference really appreciated. Particularly where comparatively long exposures are 

a employed it would be as well to examine line pairs used in established spectro- 
pare graphic analytical methods for possible interference by the lines and bands listed. 
er Molecular spectra are usually associated with comparatively low energy sources 
-. (flame, are and discharge tube) but some cyanogen bands are found in the high 


voltage condensed spark with minimum inductance. 
7 It is desired to thank the Admiralty for permission to publish details of this 
work. 
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Dosages spectraux dans les minéraux naturels 
(1°) Silice dans les spaths fluor 
(2°) Fluorures dans les roches siliceuses 


G. A. Monnor 
Centre d’Etudes et Recherches des Charbonnages de France, Verneuil 
(Regu Sept 1952) 


Summary—Two methods are utilized in CERCHAR’S Spectral Laboratory for detection and 
determination of silica in spaths and fluorine in silica rocks. The inhibition of great amounts of 
silica on detection of small quantities of fluorine is proved. 


Le CERCHAR a été amené a étudier les poussiéres mixtes contenant outre la silice, 
d’autres minéraux, tels que le spath fluor, qui provoquent des lésions du type 
silicotique. Les effets tissulaires d’échantillons de spath fluor pauvres en silice 
et de roches siliceuses sont comparés & ceux provoqués par des spaths fluor purs 
et par le quartz pur au service de biologie. 

Le dosage de la silice et des fluorures présente, par voie chimique, des difficultés 
qui ne peuvent étre surmontées que par des analystes entrainés et dans des délais 
assez longs. 

Nous avons essayé de résoudre par voie spectrale ce double probléme. 


(1°) Silice dans les spaths fluor 

Nous travaillons directement sur les produits pulvérisés au mortier d’agate et 
passant au tamis n° 23 (Afnor). Les étalons sont obtenus par mélange a partir 
de silice de condensation de grande pureté (99-8 °,) de Quartz et Silice, et de fluorure 
de calcium pur précipité, dans les proportions 0-05 a 5% SiO,. La pureté du 
fluorure de calcium a été évaluée spectralement par la méthode des additions de 
OERTEL [1] a 0-05%, de SiO,, alors que cette faible quantité n’est pas discernable 
chimiquement. 

Les échantillons sont directement introduits et tassés par tapottement dans le 
cratére d’une électrode en graphite, préalablement purifiée par chauffage au 
blanc & 300 V 8A durant une minute. 

Nous avons fait compléter 4 l’atelier du CERCHAR, |’équipement du “‘cutter 
ARL.” Nous pouvons 4 la fois tailler les baguettes en céne & 40° dans un porte 
couteau 4 3 lames centrées, placé en bout d’arbre, sectionner les baguettes et 
creuser des cratéres dans des baguettes de 6 4 8 mm de diamétre, grace aux porte- 
forets interchangeables que l’on voit 4 droite en Fig. 1. Un carter a été adjoint 
a gauche pour éviter la projection de poudre de graphite par le porte couteau. 


Mode operatoire 


La caméra du spectrographe 2M est braquée dans l’ultra violet de 2400 & 4140 A et l’excitation 
donnée par la Multisource: Etincelle B.T. régiée & 940 V, 1-2A avec C = 20uF, L = 350u H, 
R = 200Q. Le flambage est nul, et, durant 20 secondes de pose, la poudre (20 mg environ) 
est réguliérement éjectée dans |'étincelle, probablement par répulsion électrostatique. Le film 
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1357 Kodak, traité dans des conditions standard, est dépouillé et les intensités relatives des 
raies Sil 2516-1 et Sil 2519.2 par rapport & Cal 2721.6 sont calculées sur la courbe H et D. 


D’ot la courbe de dosage: log % SiO, en fonction log Int. Ca/Si dont vous voyez un exemple, 
Fig. 2. 


Si_2519 


2 


0-5 


Si_2516 
Ca 2721 
07 


04 06 O8 7 
Fig. 2. Dosage de la silice dans les spaths fluor. 


tery 


La précision du dosage est de 10% entre 0-5 et 5% de silice. 

Au dessous de 0-5% SiO,, homogénéité des mélanges limite la précision et en particulier 
au dessous de 0-:1%, les écarts peuvent atteindre 20% en valeur relative. Entre 5 et 10%, les 
raies du silicium présentent de la self absorption et il serait nécessaire de filtrer pour obtenir 
une précision meilleure. Nous ne l’avons pas fait, car les teneurs supérieures & 5% ne présen- 
taient pas un intérét immédiat pour les recherches. Le seuil de détection pour 20 mg de prise 
d'essai est de 10 y de silice et peut étre abaissé pour des essais purement qualitatifs en eraployant 
une excitation plus énergique. 


(2°) Dosage des fluorures dans les roches siliceuses 

Le fluor n’est pas excité a |’état atomique par les sources d’émissions habituelles. 
Mais les molécules de certaines fluorures: CaF,, BaF,, SrF, sont dissociées a 
haute température et donnent des spectres moléculaires dans le visible. En par- 
ticulier, pour le fluorure de calcium, les bandes vertes, dégradées vers le rouge 
(tb 5291 A), et oranges dégradées vers le violet (tb 6064-4 A), sont trés sensibles [2]. 
La bande orange n’est pas toujours discernable en présence de CaO, dont les 
bandes trés voisines sont génantes (6065 A). 

AHRENS a décrit le dosage des halogénes dans les roches dans un livre docu- 
menté [3], mais il est un point qui ne semble pas, & notre connaissance, avoir 
retenu l’attention des chercheurs: la silice posséde une action inhibitrice sur l’appari- 
tion des bandes CaF. 

En effet nous avons préparé une gamme d’étalons contenant 0-5, 1, 2, 5, 10% 
CaF, dans des bases siliceuses: silice de condensation, quartz broyé, kaolin. 
L’on ne peut déceler CaF, au dessous de 5%, avec le mode opératoire indiqué 
plus loin. 

A haute température, l’on a les réactions [4]: 


2CaF, + SiO, =SiF, + 2Ca0 
2CaF, + 38i0, = SiF, + 2Si0, Ca (1) 


Le grand excés de SiO, et |’élévation de température favorisent la formation 
de SiF, et ne permettent pas 4 CaF de se manifester. 
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Dosages spectraux dans les minéraux naturels 


Batz, cité par Szrrx et RuTHarp [5], a préconisé l'emploi de traces de sels de 
calcium ou de CO,Ca pour provoquer la formation de CaF, en présence de minéraux 
fluorés. 

Dans le cas particulier de fortes teneurs en silice ou silicates, CO,Ca employé 
en grand excés nous a permis de détecter et doser le fluor 4 partir de 0-25%. 
Donec CO,Ca n’a pas uniquement pour réle la formation de CaF,, selon la réaction: 


MF, + CO,Ca = CO,, OM + CaF, (2) 


car la silice seule en grand excés, empéche bien CaF 5291-3 ou 6064-4 d’apparaitre, 
quoique CaF, soit préexistant. 

Remarquons tout de suite que la réaction (2) n’est pas générale avec tous les 
fluorures; en particulier, avec SrF, |’état d’équilibre est tel que l’on voit en méme 
temps les bandes SrF 5772 et CaF 5291. Ceci est confirmé par la chaleur de for- 
mation de CaF, 289.400 cal. trés voisine de SrF, 289.300 cal. [6}. 

Castro et LoupE ont observé que le spath se trouvait a |’état libre au point 
de vue cristallographique dans les laitiers d’aciérie électrique [7] et ont pu en 
déduire un dosage du spath. Or ces laitiers sont fortement basiques, et cette 
circonstance est heureuse, car en présence de scories trés acides, le spath serait 
éliminé en SiF, et le dosage ne pourrait avoir lieu. 


Mode operatoire 
La caméra du spectrographe est braquée sur la région 4500-6240 A dans le visible et chargée 
avec du film Kodak plus X. Le support de cette émulsion présente un voile uniforme important 
de densité optique: 0-28 et révéle, en bain standard, un coefficient de contraste y = 1-1 dans 
la région 5300 A. 

La courbe H et D du film dans cette région a été construite par la méthode ARL, modification 
de celle de CourcHILL [8] & l'aide d’un filtre & 44% de transmission placé devant le film, im- 
pressionné par un are au fer 300 V-2-5 A. 

Les raies suivantes ont été choisies aprés des essais de stabilité concernant leurs intensités 
relatives: 


Fer Ordre relatives 
2647-5 1 2° 100 70 0-059 
5302-3 7 1° 300 — 0-529 
5307-3 I 1° 125 — 0-098 
2656-1 2° 70 40 0-059 
5324-1] 400 70 1-249 
5328 J Fe 400 100 1-675 
5328-5 I 1° 150 35 1-170 
5339-9 200 30 0-621 
5341 J 1° 200 15 0-948 
2673-2] 2° 30 15 0-000 
5364-8 200 10 0-389 
5371-4] 
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Les raies du 2° ordre se placent bien sur la courbe préliminaire et possédent les mémes 
intensités relatives que dans le 1° ordre. 

L’excitation est régiée pour une étincelle B.T. de 940 V. 3A, avec C = 50uF, L = 350uH, 
R = 50, un flambage nul et une pose de 30 secondes, la fente du spectrographe étant toujours 
ouverte & 

Tl est nécessaire d’ajouter 4 p. de CO,Ca, pour | p. de roche siliceuse, et aprés mélange et 
broyage, la poudre est introduite directement dans le cratére d’une baguette de graphite de 
6 mm. 

Le mélange des produits a une grand importance pour réaliser une bonne homogénéite des 
étalons: les produits broyés individuellement jusqu’é finesse de 90 mailles (Prolabo) ou n° 23 
(Afnor), sont ensuite pesés, mélangés par billes de verre et le mélange est rebroyé au mortier 
d’agate. Les mélanges sont toujours binaires, c’est-A-dire que pour l’adjonction d’un troisiéme 
produit, l’on part du mélange des deux premiers et le cycle: pesée, mélange, broyage est 
recommencé. 

Les raies d’analyse sont suivant les teneurs CaF 6064—CaF 5291—CaF 5151-9, associées 
soit avec le fond dans le cas d’échantillons inconnus (avec comme corollaire la pesée de la prise 
d’essai et une précision moins bonne), soit avec le silicium Sil 2435 ou Sil 2987 dans le 2° ordre, 
dans le cas ou la base du minéral est (Fig. 3) connue, par voie pétrographique par exemple: 
kaolin, quartz. ... 

La sensibilité de détection est de 10 y de fluor pour une prise d’essai de 4 mg de roche + 16 mg 
CO,Ca, dans les conditions décrites ci-dessus. La détection absolue, obtenue en augmentant 
l'excitation, est quatre fois plus petite environ (2 4 3 y de fluor). 


| 


5 


2-5}- 


CaF 5291 
4 Si 2435 
%F 
base 
silice 


02 O85 Int. rel. 
Fig. 3. Dosage du fluor dans les roches. 


i 


Le test de reproductibilité (écart quadratique moyen sur 16 spectres) a donné 
pour les étalons suivants: 


a base de kaolin 5°, spath fluor 


CaF 6064-4 CaF 60644 
Fond 6068 Sil 2987 (2° Ord.) 
a base de silice de condensation 5°, spath fluor . 
CaF 5291 120 CaF 5291 
Fond 5288 ~ °° 2435(2°Ord.) ° 
@ base de kaolin 40°, spath fluor 
CaF 5151-9 CaF 5151-9 
= + 12-8° + 6-2° 


Fond 5169 Sil 2435 (2° Ord.) 
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Fig. 1. Cutter ARL avec porte-forets interchangeables 
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La précision relative du dosage est de + 10%, de la teneur de 0-25 & 5% de 
fluor et doit pouvoir étre améliorée lorsque la base minérale est connue. Le fond 
fournit un étalonnage beaucoup plus aléatoire. 

Nous remercions ici la Direction du CERCHAR qui a bien voulu nous autoriser 
a publier cette étude. 


Sommaire 
Deux méthodes, utilisées au CERCHAR pour le dosage de la silice dans les spaths fluor et des 
fluorures dans les roches siliceuses sont décrites. L’action inhibitrice de la silice sur la détection 
de faibles teneurs en fluor est mise en évidence. 
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Dosage spectral par emission de la silice dans les produits biologiques 
G. A. Moxrnor 


Centre d'Etudes et Recherches des Charbonnages de France, Verneuil 

(Regu Sept 1952) 
Summary—aA simple spectrochemical method, utilising lines of a metallic counterelectrode as 
external standard is described. The determination of silica in biological products is carried out 
between the limits of 10y and 1000y SiO, in tissue. 
Le CERCHAR a voué une partie de son activité a l'étude et & la prévention de la 
silicose et l’analyse de la silice dans les tissus présente une importance certaine 
pour ces recherches. La localisation et le dosage de la silice, aussi bien dans les 
poumons de mineurs silicotiques, que dans les organes d’animaux de laboratoire, 
se fait nécessairement sur des quantités de tissus trés réduites. 

PoLicaRD et Moret [1] ont fait de l’histospectrographie dés 1932, et ont pu 
localiser la silice sur des coupes de tissus trés minces avec |’étincelle H.F. par une 
technique voisine de celle des fréres GERLACH (WALTER and WERNER) [2]. Mais 
ces méthodes, si elles offrent une grand finesse ne peuvent se préter a des dosages, 
ainsi que le précisent d’ailleurs Smit et ses collaborateurs [3], dans un article 
récent sur l'utilisation de la spectranalyse dans un laboratoire médical. 

Nous avons cherché & mettre au point une méthode rapide et simple de dosage. 
En effet la mise en solution par voie humide des produits biologiques est toujours 
longue et apporte des sels alcalins qui affaiblissent les raies des éléments coexistants. 
L’avantage essentiel de la voie humide est d’offrir une grande commodité pour 
introduction d'un élément de référence. 

Au CERCHAR, nous avons utilisé des solutions de LiCl 4 1% qui donne nue 
bonne raie de référence & 3232 A. 

Mais nous estimons que dés que l'on se résoud a faire une mise en solution des 
tissus par voie humide, il est plus simple d’achever le dosage de la silice par 
colorimétrie de son complexe molybdique réduit au bleu, que par émission spectrale. 

Dans le méme but: éviter des manipulations supplémentaires, nous n’avons 
pas utilisé la méthode de Harvey [4] ou de brulage total des cendres de tissu dans 
un are continu, mise en oeuvre en particulier par ADpINK [5] pour le dosage de 
zine dans les tumeurs. 

Nous avons essayé la méthode d’imprégnation des tissus de W. GERLAcH [6] 
a l'aide d'un sel de mercure; GERLACH utilisait du nitrate de plomb dont nous ne 
possédions pas un sel suffisamment exempt de silice. Les résultats donnés par 
Hg 2537, couplée avec les raies Si 2516—Si 2881 ont été trés irréguliers par cette 
technique. 

Nous avons alors repris la méthode de TricHE [7] en l’appliquant aux produits 
biologiques. Une contre électrode, en cuivre ou en aluminium exempt de silice, 
émet des raies qui sont utilisées comme dalon externe. La validité de ce mode 
opératoire est liée a la stabilité de |'excitation et au respect scrupuleux des con- 
ditions expérimentales. Nous avons préféré l'emploi de la contre électrode a 
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celui du fond continu utilisé par d’autres auteurs, car le fond est presque inexistant 
au voisinage des raies d’analyse et de plus, peu reproductible. 


Mode Opératoire 

Nous utilisons le spectrographe ARL au réseau 2M, alimenté par la Multisource 
en courant H.F. de 4-5 A, au primaire 130 V-2 A. L’étalonnage est réalisé a 
l’aide de solutions de silicate de soude de 10 & 1000 y au cm’, conservées en flacons 
de matiére plastique, pour ne pas dissoudre de silice parasite. Des carrés de papier 
filtre sans cendres, utilisés comme support inerte, de 1-5 cm? de surface, sont im- 
prégnés a l’aide d’une micropipette de solutions étalons, 4 demi-séchés sous une 
lampe, et introduits dans le cratére de 4 mm de diamétre sur 4 mm de profondeur, 
creusé dans une baguette de graphite de 8mm. L’électrode en graphite est 
purifiée au préalable par un flambage at blanc 4 300 V-8 A durant 20 secondes. 
La contre électrode de cuivre taillée en céne de 40° est nettoyée a l’acide nitrique 
aprés chaque essai. (Fig. 1) 

La caméra, couvrant la région 2400-4140 A, est chargée avec du film 1357 
Kodak. Les spectres sont enregistrés durant une minute sans flambage. Une 
pose de deux minutes n’apporte d’ailleurs aucune amélioration 4 la densité des 
raies du silicium. 

Développé dans des conditions standard, le film est ensuite dépouillé suivant 
la méthode habituelle a |’aide des courbes H et D, et les intensités relatives du 
silicium par rapport au cuivre calculées, d’ou les courbes de dosage SiO, y au 
cm’ dans le cas des liquides ou dans |’échantillon dans le cas des tissus (Fig. 2). 


O08 1 1-2 4-4 
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Fig. 2. 


Raies de dosage: Sil 2516 Cul 2492-1 
Sil 2881-6 Cul 2882-9 

Cette derniére raie Cu 2883 ne se trouve pas dans l’ouvrage de BropE [8] mais 
est mentionnée dans leurs tables par Kayser [9] et HARRISON [10]. 

Les liquides biologiques: sang, urine sont analysés de la méme fagon. Les 
tissus sont pesés a |’état frais avant introduction et brilés dans les mémes con- 
ditions: 30 4 70 mg contenant 5 a 10 y de silice par prise d’essai, par exemple 
dans le foie du rat blane normal. 
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L’excitation a une grande importance. En effet une excitation 4 caractére 
d’are continu ou d’étincelle basse tension est plus sensible, mais fait apparaitre 
pour la contre électrode des raies dont la densité n’a aucun lien avec la silice 
présente. La quantité minimum décelable dans ces conditions est de 0-3 y SiO,. 
La précision est de + 15% de la teneur, les écarts étant surtout dis a |’hétéro- 
généité de la matiére biologique. 

Nous cherchons & améliorer cette méthode pour le dosage de la silice dans les 
nodules silicotiques ot le poids de matiére mis en analyse descend a 1 mg. 

Nous tenons a remercier Melle Lesveur et Mr. P. MOREL, qui ont éxécuté la 
partie expérimentale de ce travail, ainsi que la Direction du CERCHAR qui a 
bien voulu nous autoriser 4 publier ces résultats. 


Sommaire 
Une méthode spectrale simple, utilisant les raies d'une contre-électrode métallique comme 
étalon externe, a été mise au point au CERCHAR pour le dosage de la silice dans les produits 
biologiques pour des teneurs de 10 & 1000 y SiO, par g. d’échantillon. 
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A chemical-spectrochemical method for the determination of 
rare earth elements and thorium in cerium minerals* 


H. J. Rose, Jr., K. J. Murata, and M. K. Carron 
U.S. Geological Survey, Washington 25, D.C. 
(Received 9 November 1953) 

Summary—In a combined chemical-spectrochemical procedure for quantitatively determining 
rare earth elements in cerium minerals, cerium is determined volumetrically, a total rare earths 
plus thoria precipitate is separated chemically, the ceria content of the precipitate is raised to 
80-0.percent by adding pure ceria, and the resulting mixture is analyzed for lanthanum, praseo- 
dymium, neodymium, samarium, gadolinium, yttrium, and thorium spectrochemically by 
means of the d.c. carbon arc. Spectral lines of singly ionized cerium are used as internal standard 
lines in the spectrochemical determination which is patterned after FassEv’s procedure [1]. 
Results of testing the method with synthetic mixtures of rare earths and with samples of 
chemically analyzed cerium minerals show that the coefficient of variation for a quadruplicate 
determination of any element does not exceed 5-0 (excepting yttrium at concentrations less 
than 1 percent) and that the method is free of serious systematic error. 


Introduction 


Considerable mineralogic work on bastnaesite, monazite, and other cerium 
minerals is under way in the U.S. Geological Survey in connection with studies of 
newly discovered deposits of these minerals in California and Montana. As a 
part of this work a combined chemical and spectrochemical procedure for quanti- 
tatively determining the individual rare earth elements and thorium in these 
minerals has been devised. The procedure consists in volumetrically determining 
cerium, chemically separating a total rare earth plus thoria precipitate, adding 
sufficient pure ceric oxide to raise the ceria content to 80 percent of the total 
precipitate, and spectrochemically analyzing the resulting mixture for lanthanum, 
praseodymium, neodymium, samarium, gadolinium, yttrium, and thorium. 
The spectrochemical determinations are based on the use of cerium as the internal 
standard, a technique first developed by Fasset [1]. 


Previous work 

The problems of analyzing rare-earth minerals have been treated in a compre- 
hensive way by HILLEBRAND et al [2] who state: “The practised analyst will find 
greater opportunity for exercise of judgment and choice of procedure or com- 
binations of procedures here than anywhere else in the field of mineral analysis.”’ 
M. K. Carron is currently engaged in research on improving existing chemical 
methods for quantitatively separating rare earths from minerals. The chemical 
procedures described in this paper, although adequate for the purpose, are subject 
to some modification as the research proceeds. 

The literature on emission spectrographic methods for determining rare earths 
has recently been reviewed by Norris and PEpPer [3], so this review will not be 
repeated here. Since the review was made, a chemical-spectrochemical method 
for determining small amounts of rare earths and thoria in phosphate rock has 


* Publication authorized by the Director, U.S. Geological Survey. 
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been published by Warine and Meta [4]. The advantages of emission spectro- 
graphy for quantitative analysis of rare earths and the conditions necessary for 
precise analysis by this technique have been outlined by Fasset [1]. FasseE’s 
procedure involves d.c carbon arc excitation of ignited rare earths with cerium as 
the internal standard. The procedure of Norris and PEPPER is based on spark 
excitation of solutions contained in FELDMAN’s porous cup electrodes [5] with 
strontium as the internal standard. We chose to study the applicability of FassE.’s 
procedure to the analysis of rare-earth minerals because of our greater experience 
with d.c carbon arc analysis of nonconducting powders. Also, the high strontium 
content of some of the minerals to be studied posed the difficult problem of separ- 
ating rare-earth precipitates that were free of strontium to the degree required in 
the procedure of Norris and PEPPER. 


Chemical determination of cerium 

A 0-5 g sample of the mineral was ignited in a porcelain crucible to dull red heat. The crucible 
was cooled and the sample was fused with 6 g sodium peroxide at dull red heat. After cooling, 
the fused mass was leached in 200 ml of water for 0-5 hour on a steam bath and then allowed to 
stand overnight at room temperature. The precipitate was filtered through a double filter paper, 
washed with a 0-1 percent solution of sodium nitrate and the filtrate rejected. The precipitate 
was transferred back to the original beaker and dissolved by passing 50 ml of hot nitric acid 
(1 : 9) containing 1 g hydroxylamine hydrochloride through the paper and washing with water. 
The double filter paper was ignited and the ash added to the solution. 

Ten ml of concentrated sulfuric acid were added to the solution which was then evaporated 
to strong fumes of sulfur trioxide. After cooling, the solution was diluted to 200 ml. Cerium 
was then oxidized with ammonium persulfate and titrated with standard ferrous sulfate [6] 
using orthophenanthroline as an indicator. Some samples gave a faint permanganate colour, 
which was first discharged with a drop or two of the ferrous sulfate solution. 


Chemical separation of rare earths plus thoria precipitates 

The procedure as given in the first paragraph of the preceding section was followed to decom- 
pose the mineral and to obtain a solution of the rare earths. Two grams of hydroxylamine 
hydrochloride were dissolved in the solution on the steam bath and the volume made up to 
about 200 ml. The solution was then heated on the steam bath and, while being stirred, con- 
centrated ammonium hydroxide was added until the blue-green of brom-phenol-blue indicator 
was obtained. Fifteen ml of an alcoholic solution of methyl oxalate (40 g anhydrous oxalic acid 
dissolved in 100 ml methanol) was then added and the solution stirred with a mechanical stirrer 
for 0-5 hour at steam bath temperature. Two g of solid oxalic acid were added and the stirring was 
continued for an additional 0-5 hour. The precipitate was allowed to stand overnight, filtered 
through a 9 cm No. 42 Whatman filter paper and washed with 1 percent oxalic acid. The filtrate 
was rejected. The paper and precipitate were then transferred to the original beaker and 30 ml 
of concentrated nitric acid were added. Gentle boiling almost to dryness and evaporation to 
dryness on the steam bath destroyed the paper and the oxalates. To the dry residue were 
added 50 ml of nitric acid (1: 19) and 1 g hydroxylamine hydrochloride. The solution was 
digested on the steam bath for 20 minutes, then filtered and the residue was washed with 
hot nitric acid (1 : 19). The insoluble inaterial was discarded. The volume of the filtrate was 
adjusted co 100-125 ml and the oxalate precipitation and destruction of the paper and oxalates 
were repeated. 

To the dry nitrates were added 6 ml nitric acid (1 : 1) and 1 g hydroxylamine hydrochloride. 
After thorough rinsing of the sides of the beaker with water, the solution was digested on the 
steam bath until dissolution was complete. The solution was brought to boiling and freshly 
prepared concentrated ammonium hydroxide was added until the pink colour of phenol red 
was obtained. Then 6 to 7 ml were added in excess. A small amount of paper pulp was added 
and the solution was digested on the steam bath for 10 minutes. The precipitate was filtered 
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and washed with hot ammonium hydroxide solution (1: 19). The precipitate was then trans- 
ferred to the original beaker and dissolved by adding 3 ml of concentrated nitric acid, diluting 
to 100ml, adding 1 g hydroxylamine hydrochloride and heating on the steam bath. The 
precipitation with ammonium hydroxide was repeated and the hydroxides ignited to constant 
weight. 
The ceric oxide percentage of the total precipitate was then calculated according to the 
equation: 
weight ceric oxide 


100 
weight total rare earths + thoria * 


and sufficient ceric oxide was added to the ignited precipitate to bring the ceria content up to 
80-0 percent. The sample was then mixed with equal weight of pure graphite. 

The study of the method of separating rare earths from minerals is being continued, parti- 
cularly with regard to completeness of recovery. Tests on the method given above have shown 
that losses did not exceed 2 mg in 300 mg of total rare earths. 


Preparation of spectrographic standards 


A series of standards to cover the range of composition to be expected in rare earths from cerium 
minerals was prepared from rare earths of high purity. Lanthanum, praseodymium, neodymium, 
and samarium oxides were obtained from the Institute for Atomic Research, Iowa State College, 
Ames, Iowa; gadolinium and yttrium oxides, from Johnson, Mathey & Co., London; and 
cerium, from G. Frederick Smith Chemical Co., Columbus, Ohio, in the form of primary-standard 
ammonium hexanitratocerate. All were found spectrographically to be of requisite purity. 
The oxides were ignited over the blast lamp to free them of absorbed moisture, weighed, and 
dissolved in hydrochloric acid. The ammonium hexanitratocerate was dried for one hour at 
80°C, weighed, and dissolved in water. 

Eight standards were prepared by coprecipitating the rare earths from solution in the 
proportions given in Table 1. Known volumes of standard solutions of the individual elements 
were combined so that the final volume contained cerium and the other rare earths in the weight 
ratio of 4 to 1 when calculated as the oxides. An excess of methyl oxalate was used to precipi- 
tate the rare earth oxalates, which were filtered, washed with 1 percent oxalic acid, and ignited. 
The ignited oxides were then mixed with equal weight of pure graphite. 

A number of the monazites examined in the present study had previously been analyzed 
chemically for thorium. The analytical curve for thorium was, therefore, based on these chemical 
values calculated to percent thoria in the total rare earth plus thoria precipitate. The element 
was not included in our synthetic standards, but it could be readily precipitated with the 
rare earths in preparing the standards. 


Table 1. Contents of rare-earth standards (mg) 


Standards 


La,O, 60-0 43-9 . 30-0 13-0 
Nd,O, 36-4 50-0 )- 43-0 5-6 
1-0 1-8 3: 70 15-0 
Sm,0, 1-0 18 4-0 7-0 16-0 
Gd,O, 1-0 1-5 2-§ 3-2 5- 7-0 0-0 


Y,05 06 | 10 3B | 30 6-0 45-4* 
CeO, 400 400 400 «400 400 400 


* These large amounts of Y,0, represent use of the oxide as a diluent to adjust the percentages of 
the other rare earths. 
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Apparatus and operating conditions 


Spectrograph : Grating spectrograph with Wadsworth mounting, dispersion 2-5 A/mm, 
second order 

Cathode: Graphite rod, 3-mm diameter 

Anode: Graphite, 6-mm diameter, cavity 4 mm deep, wall thickness 0-5 mm 

Sample and standards: 4 mg CeO-., | mg other rare earths %, ThO-, 5 mg graphite 

Analytical gap: 3mm, maintained throughout excitation period 

Excitation source: 250 v ballasted d-c arc, 16 amp 

Length of exposure: Samples arced to completion 

Emulsion: Eastman type III-O, developed at 21°C in DK-50 for 5 minutes with 
continuous agitation 

Wavelength region: 4000-4600 A. second order 

Microphotometer: Projection comparator-microphotometer using ascanning slit at the plate 

Emulsion calibration: Two-step sector, preliminary curve method 


A two-step filter was placed at the slit in order to obtain spectra for each sample at two 
different densities. The arc image was focused on the slit at 5-5 magnification, with light from 
the central 4-mm portion allowed to enter the slit of the spectrograph. 


Line pairs 
Spectrochemical methods developed in recent years for the determination of rare 
earths have been designed mostly to test the purity of different fractions obtained 
in purification processes. The composition of such fractions is quite different 
from that of the total rare earths extracted from minerals so that, in general, line 
pairs useful in the analysis of one are not suitable for the other. A careful search 
for interference-free lines of suitable intensity in the region of 3400 to 4600A led 
to the adoption of the lines listed in Table 2. The analysis line for every element 
proved to be that of the singly ionized ion. The cerium internal standard lines 
were selected from the paper by ALBERTSON and HARRISON [7] on the first spark 
spectrum of this element. 


Ce 440887 Int 


10} Pr 440884 rotio 


440868 
| Ce44i38 


uw 


uw 
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“Pr 44088 _ 
6244138 


Percent 


10 30 60100 
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90° 
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Fig. 1. (Left) Microphotometer tracings of Pr 4408.84 line in the standards showing nature of 
interference by cerium. (Right) Corrected and uncorrected curves for analysis pair Pr 4408.8/Ce 4413.8. 


No particular difficulty was encountered in establishing the working curves 
except for praseodymium, the only usable line of which (4408.84A) suffers from a 
double interference by cerium. The nature of this interference is shown in the 
microphotometer tracings of Figure 1. Fasset et al. [8] have shown that this line 
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is free of neodymium interference, thereby correcting an erroneous entry in the 
M.I.T. Wavelength Tables. 


Table 2. Line pairs used and precision attained in spectrochemical determination of 


rare earths 


(Percent, exclusive of CeO,) _— 
earth aad correction Conc. range Range of coeffic prend of 
variation® 


of standards | determinations 


La,O, La 4269-494 No 10 to 60 20 to 50 2-4 
Ce 4264-372 
CeO, 30 to 60 
(chemical) 
Pr,Oy, Pr 4408-844 Yes l to 15 5 to 10 3:3 


Ce 4413-805 


Nd,O, Nd 4446-387 Yes 5 to 50 20 to 40 2-4 
Ce 4454-984 


Sm,O, Sm 4434-321 No 1 to 16 2to 10 4-5 
Ce 4433-708 


Gd,O, Gd 4262-095 Yes 0 to 10 l to 5 5-0 
Ce 4283-550 


Y,0, Y 4374-935 Yes 0-6 to 57t 0-5 to 10 18 (below 1%) 
Ce 4373-820 3.2 (above 1%) 
ThO, Th 4281-425 No 5 to 25 6to25 | 4:3 
Ce 4283-550 


* Maximum value of coefficient of variation found for quadruplicate determinations of each element 
in 6 different samples. 

+ The higher percentages of Y,O, represent use of the oxide as a diluent to adjust the percentages 
of the other rare earths. 


The Pr line (4408-84A) is just resolved from the strong unclassified cerium line 
at 4408-87A. In addition, there is a very faint cerium line that coincides exactly 
with the praseodymium line. The two cerium interferences set a lower limit of 
1 percent to the range of praseodymium that can be determined. No reproducible 
intensity ratios could be obtained by using the intensity of the overlapping cerium 
line at 4408-87A or by deducting any fractional part of the intensity of this line 
from the praseodymium line. Cerium II line at 4413-80A gave a reproducible set 
of intensity ratios with the praseodymium line, but the slope of the curve was too 
flat. Empirically, it was found that a more useful curve could be obtained by sub- 
tracting 0-4 from the intensity ratios of these two lines. These two curves are 
shown on the right-hand side of Fig. 1. 
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Fig. 2 shows the working curves used in our analyses. A faint line of cerium 
not recorded in the M.I.T. tables causes the lower portion of the samarium curve 
to flatten. 

10 


Pr ery) 
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Fig. 2. Analytical curves used in the spectrochemical determinations of rare earths. 


Accuracy and precision 
The method was tested by analyzing synthetic mixtures of rare earths and also 
natural minerals that had been analyzed chemically. Synthetic mixtures of rare 
earths were prepared by another member of the staff for use as unknowns and the 
results of their analysis are given in Table 3. Maximum percentage deviations 
from the true value amounted to 8 percent; these were in the determination of 
samarium and gadolinium oxides in the first sample. 


Table 3. Analysis of synthetic unknowns containing rare earths 
Sample 3 


Analysis | True value 


Analyzed samples of minerals that were available for testing the method 
consisted of three monazites and one bastnaesite received from H. E. KrEmMeErs 
of the Lindsay Chemical Co., and one monazite from A. W. Wy ie of the Common- 
wealth Scientific and Industrial Research Organization of Australia. The results of 
our analysis of these minerals are listed in Table 4 and represent a test not only of the 
spectrochemical determinations but also of the chemical separations of the rare 
earths and thoria. All three laboratories determined cerium volumetrically. For 
samples 4, 5, 6, and 8 separate cerium determinations were not made by the authors; 
the values reported by Linpsay were used. In the chemical method praseodymium. 
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La,O, 18-0 18-6 38-5 39-5 32:5 33:1 
1-6 1-6 6-5 63 — 0-6 
Nd,O, 9-0 8-8 34-0 33-7 32-6 31-6 
Sm,0, 2-5 2-7 7-6 7:8 18-2 17-8 
Gd,0, 7:8 7:3 3-3 3-5 33 | 3-2 
Y,0, 62-0 60-0 6-0 5:8 5-1 | 5-0 | 
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Table 4. Comparison of spectrographic and chemical results on rare earths from minerals 


Mineral Bastnaesite 


Sample 
No. 


(12-4) 
100-3 


neodymium, and samarium are determined spectrophotometrically; yttrium, 
gadolinium, and the other heavier earths are determined gravimetrically as 
combined yttrium earths; thorium is determined gravimetrically; and the 
lanthanum percentage is obtained by difference. 

The spectrographic determinations of praseodymium, neodymium and 
samarium compare favourably with the chemical results, excepting the value for 
samarium in sample No. 4. The poor agreement in the values for total yttrium 
earths probably arises from the difficulty of clean separation of these earths in 
the chemical analysis, although this cannot be stated categorically at this stage 
in the comparison of the two methods. The spectrochemical and chemical per- 
centages for Janthanum are not strictly comparable because the chemical values 
are obtained by difference, and consequently include the errors accumulated in 
determining all of the other elements. For example, in sample No. 5 the disagree- 
ment in the percentage for the total yttrium earths seems to be directly reflected 
in the disagreement in the opposite direction for the percentage of lanthana. 
The summation of the oxides is considered satisfactory if it falls between 98 and 
102 percent, and it is a very useful check on the over-all accuracy of the analysis. 

In spite of the discrepancies in Table 4, this first comparison of the results of 
the three laboratories was very gratifying, and this, along with the successful 
analysis of synthetic unknowns previously mentioned, gave us confidence in the 
soundness of the method. Using this method, systematic variations of rare earths 
have been discovered in the mineral monazite; a discussion of these variations 
will be reported elsewhere. 

* Spectrographic analyses of the U.S. Geological Survey. 

+ These chemical analyses were made in the research laboratory of the Lindsay Chemical Co. and 
are published with permission. 

; Chemical analysis by A. W. Wy ie published with his permission. Sample designated as Byron 
Bay monazite in Wy ie [9]. 


§ Chemically determined thoria percentages enclosed in parenthesis were used to construct the 
analytical curve for thorium. 
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La,O, 20-0 17-5 22-6 26-4 21-2 — 20-2 21-9 24-8 — 

CeO, (42.0) | 42-0 | (43.3) | 43-3 | (42-3) | 423 | 42-2 | 40-4 | (48-2) | 48-2 
Pr,O,, 5-1 5-3 4-6 4:3 4-6 4-9 4-6 4-9 4-6 4-6 
Nd,O, 16-9 17-8 14-9 14-9 14-8 15-4 17:1 16-8 15-0 14-7 
Sm,O, | 2°5 4-2 2-5 2-6 1-9 1-7 2-8 3-2 1-7 1-3 
Gd,0, O41] 2-4 13 1-6 — 1-4 016) — 
0-96 1-4 Ll 1-3 2-4 0-88 | — 
ThO, 12-4 (7-2) 7-2 (12-2) 12-2 11-0 10-4 (3-6) 3-6 
53/5 
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The coefficient of variation for determining the individual elements has been 
calculated from quadruplicate determinations (duplicates on two different plates) 
on six mineral samples, and the maximum coefficient of variation found for the 
quadruplicates is given in Table 2. 

Interlaboratory comparison of analyses for rare earths is greatly needed today, 
especially because of increasing industrial and geochemical interest in these 
elements. It is hoped that one or two standard samples of a mineral like monazite 
might be established through the co-operative efforts of interested laboratories. 
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The application of the hollow cathode source to 
spectrographic analysis 

F. T. Brrxs 
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Summary—The construction and operation of a water-cooled hollow cathode for quantitative 
spectrochemical analysis and its attendant rare gas circulation system are described in detail. 
The cathode design enables rapid sample changes to be made so that the method may be applied 
to analyses on a routine basis. Samples can be in the form of powdered solids or may be 
dried out from solution directly in the cathodes. 

The halogens may also be determined in non-volatile organic materials without any pre- 
treatment of the samples. 

The effects of variations in current and in rare gas pressure on the analytical results are 
studied and factors which limit the method are discussed. 

The results obtained with the halogens and the alkali metals are summarized, and the 
precision attained is of the order of + 10%. 


1. Introduction 


The hollow cathode source, originated by Pascuen [1]-{3], and developed largely 
by Scuuver [4]-{7], has been extensively used for the physical analysis of 
spectra [8]-[13]. 

The source usually consists of a hollow cylinder, although other shapes have 
been used [14]. 

As is well known, a d.c. potential of about 1000 volts applied across a discharge 
tube containing the hollow cathode produces a brilliant glow which concentrates 
within the cathode space. The pressure over which the hollow cathode type of 
discharge is obtained ranges from about one centimetre to less than one millimetre. 

The effect of variations in cathode dimensions, and in gas pressure, on the 
minimum pressure at which the discharge may be started and maintained have 
been fully investigated by Van Vooruis and SHENSTONE [15]. 

Examination of the glow with a spectrograph shows the presence of emission 
lines due to the carrier gas and any impurities in it, together with lines arising 
from the cathode material. 

The intense positive ion stream of the carrier gas causes sputtering of the 
cathode materials, the particles of which are then excited by collisions of the 
second kind with positive ions. The excitation potential of helium, commonly 
used as the carrier gas, is 19-7 v and this is sufficient for the excitation of the 
spark spectrum of many elements. In particular, the spectra are obtained of 
certain elements, such as the halogens, which are difficult to excite by the more 
usual methods because they have high excitation potentials. Other techniques 
[16}-{23] have been used for the detection and estimation of the halogens but in 
general the sensitivity is low. A general statement of the problem of exciting 
the spectra of non-metals has been made by WoLFE and DUFFENDACK [24]. 
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Argon, because of its greater atomic weight, is more effective as a sputtering 
agent than helium; the excitation potential, however, is only 11-5v. A mix- 
ture of the two gases is sometimes used, the argon serving to sputter the material 
into the cathode space and the helium to excite it by secondary collisions. 

For analytical purposes a spectrograph with high dispersion is not necessary 
and the medium type of instrument covers most requirements. Glass optics 
may be used to give higher dispersion in the red, but for work with helium as 
carrier gas, the spectrum of which consists of a few strong lines, the quartz medium 
is adequate. Except for the power supply unit, the whole apparatus is mounted 
on a trolley and may be quickly removed to enable the spectrograph to be used 
for other purposes. 


2. Description of apparatus 
(a) The hollow cathode unit 


The hollow cathode tube is a modification of those used by ScHtLer [25] and by 
McNaLLy et al. [26] and has been designed with a view to simplicity of con- 
struction and ease of operation. The tubes of ScutierR and of McNa tty et al. 


Standard 814 taper joint | 


Insulating 
sleeve (Silica) 


Fig. 1. Cathode tube. Side elevation. 


were arranged for loading at the rear end, the joint being made with vacuum wax 
and the first tube used for the present investigation employed this principle. 
However, it was found to be quicker and more convenient to load the cathode 
containing the sample from the front and to close the system with a silica window 
sealed on to the front surface with a film of Apiezon “M” grease. With this 
method there is no need to disturb the optical alignment by removing the tube 
and the time taken to replace a sample is only a few minutes. The tube is attached 
to the purification system by means of standard B14 tapered joints which are 
held in contact with springs; it can therefore be easily removed from the system 
when required. 

The body of the tube is constructed of brass and consists (Fig. 1) of two com- 
ponents hard soldered together. Each component is machined from the solid, 
the coned vacuum connections and the water cooling leads being subsequently 
attached by means of hard solder. The end sections are made square to facilitate 
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the machining of the water cooling channels and the attachment of the side tubes. 
The front face is made perfectly flat and smooth so that a vacuum tight seal can 
be made. 

The front view of the tube (Fig. 2) indicates the arrangement of the cooling 
system. Two 9mm diameter holes XY are drilled from the base to meet holes 
through the sides from the inlet and outlet leads. The square sectioned con- 
necting channel XX is then cut and brass strip finally sealed on to the bottom face 
with hard solder to complete the cooling water channel. 


Nooks for joint -retaining springs 


Fig. 2. Cathode tube. Front elevation (showing cooling system). 


The inlet lead for the carrier gas is drilled straight through from the coned 
side arm*to meet the inner chamber. The water cooling system for the rear end 
of the tube is constructed in the manner described above but the carrier gas 
outlet lead has to be turned through an angle of 90°. 


6 holes 0-16 cm Dia 
equally spaced 


43cm 


Fig. 3. Cathode head section. 


The cathode stem passes through the centre of the cathode support (Fig. 1) 
and is insulated electrically from it by a close fitting tube of transparent silica, 
the vacuum seal being made with a layer of Edwards Wax “‘W” at the rear end. 

The cathode stem and the cathode heads (Fig. 3) are made from 18/8 stainless 
steel. The cathode stem is drilled to within 2-5 mm of the end to enable temperature 
measurements to be made by means of a thermocouple at the back of the cathode. 
The cathode head has a 3° taper at the rear and fits on to a corresponding taper 
on the stem. No difficulty has been experienced in cutting the tapers with sufficient 
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accuracy for the heads to remain throughout a run located firmly by friction fit 
alone. A special tool is used (Fig. 4) to load the cathode heads on to the stem from 
the front end of the tube. This tool fits inside the front of the cathode head and 
grips it by expansion of the tool head, operated by screwing in a tapered steel 
plunger. The tip of the tool which engages with the cathode is made separately 
in two halves and hard soldered to the body of the extractor. The system of 


Anurled 


Tapered s/ot 0-40 cm 


detachable cathode heads enables the operator to load a number of cathodes 
with samples and store them in a dust proof container until required. A suitable 
container is made from 3 mm Perspex sheet. 

The cathode tube is used at a distance of 13-6 cm from the spectrograph slit. 


(b) The gas circulation system 


It is necessary to purify the rare gas used for the excitation of the sample since any impurities 
initially present in the gas would show in the spectrum. Additional impurities may be intro- 
duced during the run from leaks and particularly from the outgassing of the heated cathode 
tube. A circulation system has the additional merit of a cleansing action on the transparent 
window through which the discharge is viewed, the incoming gas being deflected over the 
window then streaming away from it towards the discharge, thereby preventing the deposition 
of sputtered solids. The gas stream can also be arranged to exert a “barrier layer” effect on 
the impurity particles which would otherwise tend to escape from the excitation region within 
the hollow cathode. This barrier layer effect is enhanced by the provision of six holes equally 
spaced round the circumference near the mouth of the cathode head, the gas then enters the 
cathode head and is deflected outwards through the holes. 

The system used for circulating and purifying the gas is a modification of that recommended 
by Totansky [14] and is shown diagrammatically in Fig. 5. The apparatus is assembled within 
a framework of aluminium rods 60 cm in height fitted to a wooden base 43 x 58 cm which 
is mounted on a trolley. The circulation of the rare gas is produced by a two-stage mercury 
diffusion pump. The high pressure side, which normally exhausts to a backing pump, dis- 
charges through the purification traps and hollow cathode unit then back to the low pressure 
side. A rapid stream of the rare gas is thereby maintained round the closed circuit and residual 
impurities are quickly rernoved by successive passages through the traps. Bumping of the 
mercury should be avoided as far as possible as it leads to non-steady flow conditions, but a few 
pieces of tungsten wire added to the mercury help to maintain smooth boiling. It must be 
remembered that a diffusion pump will operate efficiently only within certain limits of pressure 
and a suitable pump must be chosen such that the highest operating gas pressure which will 
be used in the system is within the efficient range of the pump. The diffusion pump boiler is 
heated electrically and protection in the event of failure of the cooling water supply to the 
condenser is provided by an Edwards ‘‘Flowtrol”’ unit type F.S.M.I., which cuts off the power 
to the boiler when the water flow falls below a certain pre-set value. 

The diffusion pump is backed by a two-stage rotary pump which is fitted with a phosphorus 
pentoxide trap to prevent water vapour from entering the oil. This pump is used only for the 
preliminary evacuation of the apparatus and for pumping out the cathode tube bypass each 
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time the sample is changed. During a run it is isolated from the system. With most types of 
oil rotary pumps it is necessary to release the vacuum after shutting off the pump as there is a 
tendency for the oil to suck back into the vacuum side. 

B (Fig. 5) is a silica trap containing copper oxide in wire form, joined to the Pyrex glass 
system by silica to Pyrex graded seals. The detachable heater consists of nichrome wire wound 
on a grooved silica tube and insulated thermally by alumina cement and asbestos string. The 
temperature is adjusted to about 300°C by a small auto transformer, under which conditions 
any hydrogen and hydrocarbon gases are oxidized, the products being collected in trap C. 


Fig. 5. Circulating system. 


C is a liquid-air cooled trap containing coconut charcoal and is the principal purifying agent in 
the system, effectively removing N,, O,, CO, ete. The trap is about half filled with fragments 
of coconut charcoal which has been sieved to remove dust particles. Fragments of glass tubing 
are used to disperse the charcoal and thereby ensure unobstructed flow of the rare gas through 
the trap. Before being used for the first time the charcoal is activated in the following manner 
to obtain the maximum adsorbing power. The trap is first immersed in liquid air with the taps 
open to the air for about half an hour, during which time the charcoal becomes completely 
saturated with air. The liquid air is then removed and the trap allowed to warm up to room 
temperature with the taps still open. The last point is important since dangerous pressures 
may build up if the apparatus is closed to the air during the warming up process when the large 
volume of gas adsorbed is released from the charcoal. The trap is then heated for one or two 
hours with the electric heater from trap B, the evolved gases being removed by the rotary pump. 
At the end of this time the charcoal is allowed to cool in vacuo and is then ready for use. 

Helium is found to be very little adsorbed by the liquid air cooled charcoal and at the pressures 
used the slight loss may be neglected. Argon however is adsorbed to a considerable extent and 
a different method of purification must be used. By means of two-way taps the gas stream may 
be diverted through the glass sphere D which contains magnesium electrodes held on a loop of 
tungsten wire the ends of which are sealed through the sides of the sphere. On passing a dis- 
charge between the electrodes, reaction occurs with the impurities in the argon, forming 
magnesium oxide, nitride, and hydride. 

The additional liquid air trap EZ is necessary for the removal of mercury vapour when 
argon is used as the circulating gas since in this case the charcoal trap cannot be used. No 
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condensation of argon occurs in a trap cooled by liquid air alone at the operating pressures of 
up to 10mm Hg. The purified gas is diverted through the cathode tube F by means of the 
two-way taps. The latter enable the cathode tube to be isolated when the sample is changed, 
without the need for admitting air to the rest of the apparatus. The volume of rare gas lost 
each time is thereby reduced to a minimum. Tap 13 is opened to the rotary pump to evacuate 
tube F after each sample change. 

The gas pressure in the system is indicated by the mercury vacuum U-tube G. 

H and J are flasks of one litre capacity which are reservoirs for helium and argon respectively. 
The glass tubing between the taps provides a means of taking off a small volume of gas at the 
pressure in the flask and subsequently admitting it to the apparatus through tap 8, from which 
point it passes through the purification train before entering the discharge tube. If a mixture 
of helium and argon is required as carrier gas one of them is first admitted then the tubing 
below tap 8 is pumped out via tap 9 before admitting the second gas. In this way contamination 
of the reservoir gases is avoided. 

The liquid air cooled trap J is provided to condense any mercury vapour which passes back 
against the gas stream from the diffusion pump A. 

The Pyrex tubing used for the construction of the apparatus is approximately 1 cm internal 
diameter. The vacuum flasks used to contain liquid air are wrapped around with transparent 
adhesive tape; the one flask that collapsed in use remained intact on the outside and all the 
broken glass from the inner jacket stayed inside the flask. 


(c) The electrical power unit 
The required source characteristics are a smooth direct current supply with an available voltage 
of up to 1500, the anode being grounded. The unit described is supplied from the mains and 
full wave rectification is obtained by means of mercury rectifying valves. 

The 500 mAmp H.T. transformer has 1650-0-1650 v. output tappings which pass to the 
two mercury rectifier valves type VU72 and thence from the collector electrodes to ground. 
The mains input switch operates a short time delay so that the valve heater filaments are allowed 
time in which to warm up before the output circuit can be completed. 

The H.T. transformer centre tapping is taken through an H.F. choke, a 0-1 d.c ammeter 
and an adjustable ballast resistor of about 2,000 ohms to the output H.T. negative. A 4uF 
2500 v smoothing condenser is introduced between the ammeter and ground, and in the interests 
of safety a leak resistor of 0-1 megohm is placed across the condenser. The output voltage is 
registered on a d.c 0-1 milliameter with suitable series resistors. 

The mains input and d.c output are protected by fuses. Considerable surge occurs if the 
output is switched on at full load and the fuse will invariably burn out. This may be pre- 
vented by placing in the primary circuit of the H.T. transformer a 2 KVA auto transformer, 
which is used to bring up the primary voltage gradually from zero to the operating value. 


3. Experimental 
In this section the operation of the apparatus is described briefly, reference being 
made to the diagram of the gas circulating system in Fig. 5. 

The copper oxide furnace is switched on about half an hour before the run 
is started to allow time for the working temperature to be attained. The discharge 
tube F is isolated by means of taps 5 and 6. If the previous run has been carried 
out using the same carrier gas and no leaks have occurred as shown by a constant 
reading on the gauge, the rare gas may be used over again since any 
liberated trace impurities will be removed by the traps. The trap system C or D 
is selected by the three-way taps to suit the rare gas being used, coolant is added 
to the vacuum flasks and the diffusion pump is started. The rare gas is adjusted 
to the required pressure, usually 5 mm of Hg, by admission through tap 8. 

A charge of about 10 mg of sample is weighed into the cathode heads and 
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spread over the sides as completely as possible. Alternatively the material may 
be added in solution form and evaporated to dryness within the cathode. The 
cathode head is gripped with the extractor tool and pushed on to the taper through 
the front of the cathode tube. A twist under slight pressure on to the tapered 
cone suffices to locate the head and the extractor may be unscrewed and with- 
drawn. The front of the tube is closed with a flat glass or quartz disc rendered 
vacuum tight with a smear of Apiezon M grease and the tube pumped out. The 
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Fig. 6. 


rotary pump is isolated and the rare gas, which has now had time to clean up by 
circulation through the traps, is diverted through the tube. The pressure is 
adjusted if necessary then the d.c voltage is applied to start the discharge. 

Using Kodak II N red-sensitive plates in the Hilger Medium quartz spectro- 
graph exposures of the order of five minutes are required. These plates are given 
a slight prefog before use by exposing for one second to the light from a 15-watt 
tungsten filament lamp filtered through a Wratten Series 3 (green) safelight and 
placed 130 cm from the emulsion. The object of this is to bring weak spectrum 
lines well on to the ‘“‘toe’’ of the density-log exposure curve so that the line to 
background density ratio is as great as possible. 

To change the cathode head the discharge tube is isolated, the front window 
is slid off thereby releasing the vacuum, and the head extracted. 

The cathode heads are cleaned by pickling in hot nitric acid, boiling in distilled 
water, then heating to redness in a bunsen flame. Heavy contamination is re- 
moved by first scouring with emery paper. The thin film of oxide which is formed 
on the cathode partly suppresses the stainless steel spectrum arising from the 
cathode material. 
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4. Summary of typical results 
In the following tables the wavelengths and intensities quoted are those of 
Harrison [27]. Typical detection limits are listed for the halogens and the alkali 
metals by way of illustration. 

A twenty-fold excess of sodium and of chlorine was found to exert no appre- 
ciable suppression effect on 25 ug of fluorine. 


> | \ 
He 5007-7 | 
x 
CL 8376-0 ™. 


SF 7128-0 


“CL 4794-5 


00 


2s 75 mm 
He Pressure 


Fig. 7. 


To check the reproducibility ten exposures, each of 5 ug of fluorine as sodium 
fluoride, were run in 5mm pressure of helium at 300 mAmp and the 7128-0 A 
line densities measured on a Hilger non-recording microphotometer. The standard 
deviation was 12-4°%,. 

Calibration curves are plotted of log concentration against density obtained 
by exposing dilutions of a standard solution or solid matrix. 

Figs. 6 and 7 show the variation of line density with current and rare gas 
pressure respectively; the normal settings of 300 mAmp and 5 mm of Hg pressure 
have been marked on the curves. For these measurements a 5-mg matrix of 
refractory metal oxide was used in the cathodes, the alkali metals and halogens 
representing impurities. The two chlorine lines plotted represent different exci- 
tation states, C] 4794-5 A arises from the ionized atom, Cl 8376-0 A from the ground 
state. The relative excitation of these two states varies with both pressure and 
current. 

In each case the densities of a weak helium line 5047-7 A have been plotted. 
The effect of small changes in pressure on the line densities of the added elements 
is much less than changes in current; it would appear therefore from the relative 
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Halogens 


Wavelength 


Angstrom Units 


Geissler 
Intensity 


Sensitivity in 
Helium, Micrograms 


6856-0 
6902-4 
7128-0 
7202-4 
7398-7 


4794°5 
4810-1 


4785-5 
4816-7 
8272-4 


Alkali Metals 


Wavelength 


Element Angstrom 
Units 


6103-6 
6707°8 
8126-5 


3303 
5890-0 
5895-9 


4044-1 
4047-2 
7664-9 
7699-0 


7800-2 
7947-6 


4555-4 
4593-2 
8521-1 
8943-5 


Intensity 
(Arc) 


In Helium 


Micrograms 


Sensitivity 


In Argon 
Micrograms 


0-05 
0-05 
A interferes 


0-1 
0-1 


A interferes 


10 
A interferes 
A interferes 
5 


In Xenon 
Micrograms 


: 
| 
| | | 
F 1000 0-5 
500 0-8 
150 0-1 
125 0-25 
400 l 
cl 250 l 
200 1 
. Br 400 7 
300 10 
70 5 
I 4808-0 | 15 2-5 | 
4986-9 35 2-5 
5678°1 80 2-5 
3/5 | | 
— 
Li 2000 2 
1000 1 
Na | 900 20 : 
9000 2 <0-05 <0-05 
5000 2 <0-05 <0-05 
K 400 50 
400 50 | 
9000 0-05 
| 5000 | l 0-05 | 
5000 0-3 
Cs 2000 10 
1000 10 
5000 0-7 0-3 
2000 8 
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slopes of the curves that 5047-7 offers some advantages as internal standard for 
the determination of the halogens. However, it was found that the standard 
deviation of the density ratio F 7128-0 to He 5047-7 was 11-3°%, compared with 
12-4°, for F 7128-0 density alone. 

The relation between applied voltage and discharge current for helium, argon, 
and air has been investigated by Roig and B&cart [28], who confined their work 
to the electrical characteristics of the source. 

It was found that organic materials break down completely under the helium 
ion bombardment, giving rise to CO* molecular bands 2113, 2190, 2299, 2419A, 
the line spectrum of carbon at 2478-6 A, and line spectra of the halogens and 
sulphur if these are present. Polytetrafluoro-ethylene (teflon) decomposed rapidly 
under these conditions and gave strong fluorine lines. Fluorine in organic acids 
has been investigated quantitatively by GImLLIEsSON and NewcomsBeE [29] and 
later by the author; the probable error in the determination of 3 ug of fluorine 
was +17°%,. This was sufficient to decide between mono- and di-fluorocitric acids 
using only 45 ug of a sample which had been extracted by Sir RupoLPH Peters [30] 
of the Biochemistry Laboratory, Oxford, from biological material and was available 
in restricted amount. 


5. Discussion 


Most of the data has been obtained using stainless steel as the cathode material 
although for special purposes nickel and graphite have also been investigated. 
Rosen [31)} has used a graphite hollow cathode for the determination of occluded 
gases in metals. 

It is realized that the detection limits quoted are by no means the ultimate 
attainable since they will depend on the time for which the impurity atoms can be 
retained in the hollow cathode excitation zone. It may prove possible to increase 
this time by modification of the anode dimensions to obtain a greater “‘barrier 
layer” effect at the cathode mouth. 

There are indications that the sensitivity depends on the mass of the bom- 
barding rare gas ions, being greater for the heavier ions. This effect will be dis- 
cussed in detail in subsequent reports. 

Sputtering by helium ions is a surface action and this must be borne in mind 
when the method of introducing the sample into the cathode is considered. The 
ideal sample form is a thin uniform film spread over the inside of the cathode. 
This is readily obtained by evaporation within the cathode of a solution containing 
the sample. A solid is best added as a finely-divided powder or a low melting 
point compound. 

Material which gives rise to much gas evolution on heating, e.g. carbonates, 
will tend to give a low result due to the mechanical sweeping-out of the im- 
purities from the discharge zone. In such cases standards should be prepared 
which have approximately the same matrix composition as the sample. 

Sample weights of more than 100 mg are undesirable since distortion of the 
discharge will occur and sputtering of the impurities will be incomplete. The 
impurities may be concentrated by suitable chemical pre-treatment; e.g. for 
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one determination made by the author bromine was concentrated by co-precipi- 
tation on a few mg of silver chloride which was then compared in the hollow 
cathode with standards similarly prepared. 

An exposure time of five minutes with a current of 0-3 Amp is normally used 
to remove halogen impurities from the sample. This is in agreement with the 
observations of McNaLLy et al. [26] who found that an exposure of six minutes 
at 0-2 Amp was required for the elimination of 20 ug of fluorine from a metal 
oxide matrix. These authors quote 6856-02 A as being the most sensitive fluorine 
line, while in the present work fluorine 7128-0 A, although weaker in a Geissler 
tube discharge, has been found to be some five times more sensitive. 
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American Association of Spectrographers 
Fourth Annual Conference 


May 1 1953, Chicago 


Emission Spectroscopic Determination of Metals 
in Non-Metallic Samples 


The following papers were contributed : 


I. Emission Spectroscopic Determination of Trace Quantities in Soils and 
Fertilizers—F. M. Jonnson, Baird Associates, Inc. 


II. The Preparation of Biological Samples for Spectrographic Analysis— 
I. L. Smrru et. al., Western Reserve University. 


III. The Spectrograph as a Diesel Engine Trouble Shooter—A. C. MENGEL, 
American Locomotive Company. 


", X-Ray Spectroscopic Determination of Niobium and Tantalum in Monazite 
Ores—D. M. Martimore and P. A. Romans, Bureau of Mines, Albany, 
Oregon. 


’, Determination of Traces of Copper, Cobalt and Zinc in Agricultural Materials 
E. E. Pickett, University of Missouri. 


‘I. The Spectrochemical Analysis of Wear Products in Diesel Lube Oils— 
B. R. Boyp and M. F. Haster, Applied Research Laboratories. 


. Spectrography of Blood and Related Cells—F. Duran-Jorpa, Booth Hall 
Hospital, Manchester, England. 


. The Determination of Major Metallic Constituents in Non-Metallic Samples 
by X-Ray Fluorescent Methods—Jacosp SHERMAN, Philadelphia Naval 
Shipyard. 


. Excitation of Non-Metallic Elements by the Activated Arce—J. E. Barney, 
Standard Oil Company (Indiana). 


.. Controlled Atmosphere Excitation of Trace Metals in Oil Using the Rotating 
Electrode Technique—J. P. Paciiassorti, Standard Oil Company (Indiana). 
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Announcements 


Society for Applied Spectroscopy 
Eighth Annual Meeting 
New York City 


Friday, May 15th, 1953 


The following papers were contributed : 

Infrared Method for the Determination of Alpha (2—4—6), Beta (2-3-4), Gamma 
(2-4-5) Trinitrotoluene and 2-4 Dinitrotoluene in Admixtures such as found 
in TNT Exudates—FRank PrisTeRA, Picatinny Arsenal. 

Identification of Complex Organic Materials by Infrared Spectra of Their Pyrolysis 
Products—Dona.p L. Harms, General Electric Company. 


Absorption Studies in the Vacuum Ultraviolet-—Lucy W. Pickertr, Mount 
Holyoke College. 


A Continuous Flow Method for Determining Ionization Constants by Ultraviolet 
Spectrophotometry—F. T. Kine, and R. C. Hirt, American Cyanamid Company. 


Report of the Technical Committee on Ultraviolet Absorption—R. C. Hirr, 
American Cyanamid Company. 


Report of the Technical Committee on Focussing a Spectrograph—Harry 8S. 
READ. 


Application of the A.R.L. Quantometer to Production Control in a Steel Mill— 
H. C. Brown, Armco Steel Corporation. 


A Spectrochemical Method for the Analysis of a Nickel Base High Temperature 
Alloy for Al, Ti, Si, and Mn. Part I—Standardization by Wet Analysis, 
W.H. Tosin, General ElectricCompany. Part I1—Standardization by Powdered 
Metal Briquets—WaLTER O. GERBER, Jr., General Electric Company. 


Spectrographic Determination of Impurities in the Eutectic Alloy of Cadmium— 
Tin—GeorGE E. Peterson and E. W. Currier, Federal Telecommunication 
Laboratories, Inc. 


Spectrographic Analysis of Potassium in Urine and Feces Using the Copper 
Electrodes—M. Honma and J. D. O’Connor, U. 8. Naval Radiological Defense 
Laboratory. 

Logarithmic Sector vs. Photoelectric Densitometer in Measuring Intensity Ratios 
—MILTON GREEN and Murray L. Pork, Signal Corps Engineering Laboratories. 

A New Monitored Beam Recording Densitometer and Comparator—FREDERICK 
Brecu and L. P. NEAL, Jarrell-Ash Company. 

Methods for the Direct Spectrographic Analysis of Lubricating Oils—J. T. Rozsa, 
National Spectrographic Laboratories. 


The Spectrographic Determination of Trace Impurities in Water—Neit E. Gorpon, 
Jr., and Haroip D. Cook, Westinghouse Electric Corporation. 
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Papers presented at the Fourth International Spectroscopy Colloquium, 
Muenster in Westphalia, September 1953 


G. Scuetpe (Germany): On the measurement and significance of absorption and emission 
spectra of organic molecules in the visible and ultra-violet range. 

M. Coenen and M. Pestemer (Germany): Light absorption and constitution of the 
merocvanins. 

H. Scuvucer (Germany): Contributions to the energy transformation in the glow discharge 
in organic compounds. 

E. Treter (Germany): Ultra-violet absorption measurements of macromolecular 
substances. 

J; W. Kemp and G. ANDERMANN (Switzerland): The application of Raman spectroscopy 
to the analysis of hydrocarbons. 

L. Ropert (France): Inspection of mineral oils and greases by infra-red spectroscopy. 

A. C. Menzies (Great Britain): The Raman effect in solids. 

G. Hansen (Germany): The properties of spectroscopic apparatus. 

D. S. Lees (Great Britain): An infra-red spectrometer for routine analysis of liquids. 

J. L. Haves (Great Britain): Recent developments in absorption spectroscopy. 

W. Hacenan (Germany): A spectrophotometer of high dispersion with some improvements. 

M. NorpMEYER (Germany): A photoelectric spectrophotometer at the Staatliches Material- 
prifungsamt, Dortmund. 

J. Rosrs, 8. Rosty and B. Vopar (France): On the profile of the lines given by a prism 
spectrograph 

JAN VAN CALKER (Germany): On the temporal development of controlled spark discharges. 

W. Stesert (Germany): Non-dispersive infra-red spectroscopic analysis. 

RK. Scumipt (Holland): The significance of the newer statistical methods as applied to 
spectrographic analysis 

H. J. Ercnorr, K. Picarp and T. Ricnarp (Germany): Investigations into the semi- 
quantitative procedure developed by C. E. Harvey. 

O. Mast (Italy): On some anomalies in the spectra emitted at the surfaces of definitely 
oriented metallic crystals 

A. Ker (Germany): The detection of oxidation in spark columns. 

F. A. Pont (Austria): On spectroscopic trace analysis in very pure metals. 

F. J. Bruxtye (Germany): On the use of metallic powders in pellet electrodes for the 
quantitative analysis of non-conductive solids and liquids. 

G. Harrier and H. Kornre tp (Germany): Rapid spectrochemical analysis of clay and 
fireclay 

N. W. H. Appryk (Holland): Observations on reflections in the carbon arc. 

National Centre ror Researcu: Estimation of oxygen in 
steel by means of the hollow cathode discharge. 

F.C. Marutev (France): Emission spectroscopy. 

C. Mace (Belgium): On a new concave-grating spectrograph with the Paschen-Runge 
mounting; and a new light-source unit for emission spectroscopy. 

K. M. Brits (Great Britain): A wide-range vacuum grating spectrograph for metallurgical 
analysis 

J. Orsac (France): Recent developments in direct-reading analysis of light alloys. 

A. H. Gittteson (England): Direct spectrographic monitoring of air with particular 
reference to beryllium dusts. 

F. Borscnores and I. A. Surr (Holland): Some experiences on the spectrochemical 

determination of copper by a photo-electric method. 
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V. Gazz (Italy): Quantitative spectrochemical analysis by the method of increments. 

J. M. Lopez pe Azcona and M. Martin (Spain): Estimation of the age of mica samples 
by spectrochemical analysis. 

K. Drxon (Great Britain): A comparison of spark methods for the analysis of nickel. 

A. Fixx (Austria): Flame photometry in the estimation of the higher concentrations of 


calcium. 
The meetings lasted four days 


NOTICES OF MEETINGS 


Le GROUPEMENT POUR L’AVANCEMENT DES METHODES SPECTROGRAPHIQUES nous 
prie d’annoncer qu’il organise de Mars & Juin 1954 un cycle de conférences et séances 
d'application sur les méthodes physiques d’analyse, entre autres la spectroscopie 
d’émission. Ce cycle est destiné aux techniciens et manipulateurs, a exclusion des 
ingénieurs (pour lesquels un cycle spécial sera ultérieurement organisé) et sera 
orienté essentiellement vers l'utilisation pratique des appareils. 

Il comprend 2 cours et séances de travaux pratiques chaque semaine, en fin de 


journée ou le samedi matin. 
Pour tous renseignements et inscriptions, s'adresser au Secrétariat du G.A.MLS., 


1 place St Thomas d’Aquin, PARIS 7e. 


Plan du cycle 


Conférences 
Généralités. Rdle de l'analyse-Moyens dont dispose l’analyste 1 lecon 


Bases physiques de la spectroscopie d’émission = ow 
Spectroscopes (avec notions d’optique) > @ 
Sources lumineuses & » 
Moyens d’étude des spectres 
L’analyse qualitative 2 
L'analyse quantitative par voie photographique 
L’analyse directe (avec notions d'électronique) 2 
La spectroscopie d’absorption 4 
La spectroscopie Raman 
3 


Autres méthodes physiques 


Travaux pratiques 


téglage des spectroscopes 


Etude des générateurs d’arc et d’étincelle 


Manipulations photographiques 


Photométrie 


Analyses qualitatives 


Analyses quantitatives 


Analyses a lecture directe 
Colorimétrie et autres méthodes 


2 visites de laboratoires industriels. 
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Announcements— Book review 


Fifth International Spectroscopy Colloquium 


It has now been decided that this Colloquium will take place in Austria, under 
the auspices of the Verein Osterreichischer Chemiker; between 30 Aug. and 3 Sept. 
1954 at Gmunden in the Salzkammergut district. The main subjects will be the 
application of molecular spectroscopy to the analysis of artificial fibres; non- 
dispersive methods of infra-red spectroscopy; the spectrochemical analysis of 
non-conducting materials and of copper alloys. Papers should be offered through 
the author's national spectroscopic organisation; other enquiries should be made 
directly to Dr. K. H. Sprrzy, Arbeitsgruppe fiir Spectrochemie und Kolorimetrie 
im VOCh, Wien LX, Sensengasse 2, Austria. 


Book review 


Serra, D. M.; Visual Lines for Spectroscopic Analysis. 2nd Ed. 1952, 102 pp. Hilger and Watts, 
London. 16/-. 


This collection of wavelength tables covering the range from 3900 to 7600 A is the second edition 
of the same author's Visual Lines for Spectrum Analysis published in 1928. There are occasions 
when something less comprehensive than the large wavelength tables of HARRISON or KAYSER 
is adequate—when for instance the identification of major components rather than trace 
constituents is the object, and for this purpose this book is well suited. The detection of small 
amounts has not been forgotten, however, and in numerous instances sensitivities from AHRENS 
and other sources on d.c. are excitation are included. The book is directed chiefly to users of the 
Hitcer Wavelength Spectrometer, but will find applications also in other fields, for example, 
in direct measurement work where the photocells employed cover much the same wavelength 
range as is included here. The list of sensitive lines in order of wavelength should enable the 
most likely interferences to be avoided, whilst the tables forming the bulk of the book are set 
out by element and should provide a sufficient number of lines for each element to enable 
identification to be established beyond reasonable doubt. Only one wavelength misprint has 
been noticed, and that not in the tables but on p. 16 of the text. The new Visual Lines is in 
fact a useful addition to the spectrochemical reference library. 


R. L. 


Is4 


VVlie 
6 
19052/7 
4 
* 
2 


Spectrochimica Acta, 1954, Vol. 6, pp. 185 to 193. Pergamon Press Ltd., London 


UV-Absorptionskiivette fiir extrem diinne Schichten mit genau 
messbarem Plattenabstand bis unterhalb 1.» 


V. 


Institut fiir Physikalische Chemie der Universitat Freiburg i. Br. 


VON KEUSSLER 


(Received 11 August 1953) 


Summary—A very thin ring produced by evaporating aluminium in high vacuum on one of 
the two very exactly plane polished quartz plates forming the absorption cell is used as distance 
ring. The plate rotates in the vacuum during evaporation to obtain regular distribution of 
the metal. Plate distances down to 0°34” were obtained. Small distances of this size can be 
measured with high precision by measuring interference fringes appearing in the spectrum due 
to the reflexions by the inner cell walls. The possible errors both experimental and technical 


are discussed and quantitative relations are given. 
1 


Die Lichtabsorption im ultravioletten Gebiet des Spektrums ist infolge der 
Kleinheit der Elektronenmasse im Vergleich zu den Massen der im Molekiil 
gebundenen Atome gréBenordnungsmaBig starker als im Infrarot. Es werden 
daher bei Untersuchung der UV-Absorption meist sehr stark verdiinnte Lésungen 
verwendet. In vielen Fillen, beispielsweise im Falle der Assoziation durch Wasser- 
stoffbriickenbindung, ist aber die Absorption bei sehr hohen Konzentrationen 
und womdglich die reiner Fliissigkeiten von besonderem Interesse. Dazu sind 
Schichtdicken bis zu lu und darunter erforderlich, die genau bekannt sein miissen. 

Durch Verwendung sorgfaltig geschliffener Quarzplatten héchster Planheit 
fiir das AbsorptionsgefiB mit im Hochvakum aufgedampftem Abstandsring ist es 
gelungen, solch kleine Plattenabstainde zu erzeugen. Ihre GréBe kann durch 
Bestimmung der Lage der bei Durchstrahlung des leeren Absorptionsgefabes 
infolge Reflexion an den Innenwanden der vorderen und der hinteren Platte im 
Spektrum entstehenden Interferenzstreifen sehr genau gemessen werden. 


Absorptionsgefass 
Als Material fiir die beiden runden Quarzplatten @, und Q, (s. Abb.1) wurde 
Homosil gewahlt, da bei der groBen Dicke auf Schlierenfreiheit gréBter Wert zu 
legen ist. Die beiden Platten sind durch den duBerst diinnen auf die Platte Q, 
mit den konischen Bohrungen aufgedampften Abstandsring A aus Aluminium 
getrennt. Die Zufiihrung der Fliissigkeit erfolgt durch die beiden gleichzeitig als 
VorratsgefaBe dienenden Glasrohre, deren Schliffe ohne Fett oder Kitt in die 
konischen Bohrungen eingesetzt werden. Die Quarzplatten werden von den 
Metallteilen unter Zwischenlage der beiden Gummiringe G zusammengehalten. 
Zur Untersuchung von Substanzen, deren Schmelzpunkt tiber Zimmertemperatur 
liegt, und auch um die Fliissigkeit zur vollstandigen Entleerung des GefiBes 
zum Verdampfen zu bringen, werden die Quarzplatten nach dem Zusammensetzen 
des GefiBes mit einer Lage asbestisolierten Heitzdrahtes (vgl. Abb.1) umwickelt. 
Zur Messung der Temperatur wird ein Thermoelement unter die Wicklung einge- 
fiihrt, das sich in thermischem Kontakt mit dem Quarz befindet. 
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Beim Aufdampfen des Abstandsringes befindet sich die Platte mit den Bohrungen 


Freiburg i. Br., mit gréBter Sorgfalt ausgefiihrt worden, der auch an dieser Stelle bestens gedankt 
sein moge. 


von KEUSSLER 


Damit ein iiberall gleichmaBiger Abstand erreicht und mit Hilfe von Inter- 
ferenzstreifen gemessen werden kann, miissen die einander zugewandten Flachen 
mit etwa der gleichen Prizision wie die eines Fabry-Perot-Interferometers plan- 
geschliffen werden. Beim Planschleifen wurde ‘‘WeiBpassung” erreicht*. 

Bei der Fiillung des GefiBes geniigt es, zunichst einen Tropfen Fliissigkeit 
vor dem Einsetzen der Schliffe der Glasrohre einzufiihren, der durch die Kapillar- 
krafte sofort hineingezogen wird und sich langsam gleichmaBig tiber den ganzen 
Zwischenraum verteilt. Die Entleerung erfolgt, wie bereits erwaihnt, durch 
Erwirmung mit Hilfe der Heizwicklungen, wobei die Verdampfung nétigenfalls 
in einem GefaB unter vermindertem Druck wesentlich beschleunigt wird. 

Mit dem selben aufgedampften Abstandsring kénnen bis etwa zehn Fillungen 
vorgenommen werden, ehe eine Reinigung der Platten notwendig wird, wonach 


| 
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Abb. 1. AbsorptionsgefaB. 


der Ring erneuert werden muB. Die Erfahrung hat gezeigt, dab der Abstand 
durch Fillen und Entleeren nicht geaindert wird. 


Anstatt, wie gewohnlich, zwei AbsorptionsgefaBe, eines mit dem Lésungsmittel 


und eines mit der Lésung, zu verwenden, wird die Bestimmung des Absorptions- 
verlaufs mit nur einer Kiivette durchgefiihrt. Die entsprechenden Messungen 
werden nacheinander vorgenommen. Die Absorption durch das Lésungsmittel 
ist bei so geringer Schichtdicke meist verschwindend klein. Die Fiillung des 
AbsorptionsgefaBes mit dem Lésungsmittel bei Ermittelung der durch Absorption 
in der dicken Quarzschicht bedingten Korrektur ist nur notwendig, um die 
Reflexion durch die beiden Innenflachen zu verhindern. 


Aufdampfen des Abstandsringes 


* Das Schleifen der Platten ist von der Firma Fritz Hellfge & Co., Fabrik wissenschaftlicher Apparate, 
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Absorptionskiivette fiir extrem diinne Schichten 


in einer Metallkapsel (Abb.2), wobei auBer den Randern auch die Mitte durch 
die runde Scheibe abgedeckt ist, so daB nur ein ringférmiger Teil der Oberfliche 


. 2. Abdeckkapsel: Querschnitt. 


01234 5cem 


Abb. 3. Aufdampfvorrichtung. Das Schiffchen Sch mit den Haltern H ist zur besseren Sicht- 
barmachung um 90° um die Vertikalachse gedreht. 


frei bleibt. Der fiir das Verstaindnis des Vorganges wichtige Teil der Aufdamp- 
fungsapparatur ist in Abb.3 dargestellt. 
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V. von KEUSSLER 


Als Material fiir den Abstandsring werden Stiicke Aluminiumdrahtes hoher Reinheit 

verwendet, dic in dem Tantalschiffchen Sch zum Verdampfen gebracht werden. Die auch zur 
Stromzufiihrung dienenden wassergekiihlten Halter H sind durch den in der Abb. nicht sicht- 
baren die drei Stabe St tragenden Metallteller unter Isolation mit Porzellan durchgefihrt, an 
dem auch die Zuleitung zur Hochvakuumpumpe, sowie die zum McLeop, durch das der Druck 
vor und wahrend des Aufdampfens gemessen werden kann, befestigt sind. Das ganze wird 
von einer Glasglocke von 18 cm Innendurchmesser iiberstiilpt. Das Heizen des Tantalschiffchens 
erfolgt mit niedertransformiertem Wechselstrom. 

Die Entfernung zwischen dem zu bedampfenden Teil der Vorderflache der in der bereits 
in Abb. 2 dargestellten Abdeckkapsel K befindlichen Quarzplatte und dem das Metall enthal- 
tenden Schiffchen kann nach Lésen der drei Randelschrauben R eingestellc werden. Sie betragt 
gewohnlich einige Zentimeter und ist verschieden grof je nach dem, ob eine mehr oder weniger 
dicke Schicht aufgedampft werden soll. Zur Erreichung der fiir die Parallelitat der Innen- 
wande ausschlaggebenden GleichmaBigkeit der Schichtdicke des Ringes wird wihrend des 
Aufdampfens die Kapsel mit der Platte mit Hilfe des im Hochvakuum befindlichen Elektro- 
motors £ (HauptschluB-Gleichstrommotor, 4 Volt) in gleichméBige Rotation versetzt. Gasab- 
gabe im Vakuum ist durch Entfernung iiberfliissiger Isolierungen am Motor und Uberstreichung 
der Isolation der Drahtwindungen mit Schellack mit nachfolgender Trocknung im Trocken- 
schrank, sowie durch fettfreie Lagerung der Achsen verhindert. Der Antrieb der mit der Kapsel 
koaxialen Drehscheibe D erfolgt, ebenfalls um Gasabgabe zu vermeiden, mit Hilfe des Spiral- 
federtriebes 

Bei der Herstellung verhaltnismaBig dicker Schichten von einigen y wird die Platte in etwa 
15mm Entfernung vom Schiffchen gebracht und gleichzeitig nach Lésen der Schrauben S 
zusammen mit dem Motor parallelverschoben, so dali die Achse des das Metall enthaltenden 
Schiffchens nunmehr tangential zu dem zu bedampfenden Ring verliuft. Diese Stellung ist 
in der Abb. 3 nicht eingezeichnet. 

Die Innenwand der in Abb.3 nicht sichtbaren Glasglocke wird gegen die Bildung eines 
Metallbelages durch den Glaszylinder Z geschiitzt, der leicht ausgetauscht und gereinigt werden 
kann. An Hand des Durchsichtigkeitsgrades des wihrend des Aufdampfens auf der Innen- 
flache dieses Zylinders sich bildenden Niederschlages kann die Dicke des entstehenden Abstands- 
ringes beurteilt werden. Nachdem einige Erfahrung gesammelt werden war, ist beinahe stets 
die gewiinschte Dicke innerhalb gewisser Grenzen erreicht worden. Die Dauer einer Auf- 
dampfung von Beginn des Pumpens betrigt etwa 15 Min. Es wurden Schichten bis hinab zu 
1/3 « und bis hinauf zu 4, hergestellt. Unterhalb ly geniigie immer eine Aufdampfung. Der 
kleinste gemessene Abstand betrigt 0-34,. 


Zusammensetzen der Absorptionskiivette 


Bevor der aufgedampfte Ring in Beriihrung mit der Gegenplatte gebracht wird, 
muB fiir gréBtmégliche Staubfreiheit gesorgt sein, da Staubteilchen oft von der 
GréBe des zu erreichenden Abstandes sind. Eine hinreichende Entstaubung 
wurde durch Anblasen mit Hilfe eines Wasserstrahlgeblases, das einen staubfreien 
Luftstrom liefert, bei gleichzeitigem Bestreichen mit einem sauberen weichen 
Dachshaarpinsel erreicht. Ist nach dem Aneinanderbringen der Platten und 
Anziehen der Muttern M (s. Abb.1) der Abstand iiberall gleich, so erscheint die 
ganze Flache innerhalb des Ringes bei nahezu senkrechter Beleuchtung im 
zurickgeworfenen Licht gleichmaBig gefirbt, wobei die Farbe, wie die eines 
diinnen Blattchens, durch den Plattenabstand bestimmt ist. 


Messen des Plattenabstandes 


Plattenabstande in AbsorptionsgefiBen bis zu einigen « Dicke sind mit Hilfe 
der Interferenzstreifen, von denen das kontinuierliche Spektrum bei hinreichend 
kleiner Schichtdicke durchzogen erscheit, von C. SmirH und E. C. MILLER [1] 
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Absorptionskiivette fiir extrem diinne Schichten 


im Infrarot gemessen worden. Die Methode ist sodann von anderen Autoren ange- 
wendet und modifiziert worden [2, 3, 4]. Abgesehen von der hohen Genauigkeit 
hat sie den Vorzug, daB keine zusitzliche Apparatur bendétigt wird. 

Die Beziehung zur Berechnung des Plattenabstandes wird sehr einfach, wenn 


man statt Wellenlingen Wellenzahlen (. =.) benutzt. Die Maxima bzw. 


Minima liegen dann in gleicher Entfernung Av voneinander, zwischen der und 
dem Plattenabstand / der Zusammenhang 


2 Ap (1) 


l= 


besteht. Da die genaue Kenntnis der Intensitatsverteilung sehr wichtig ist, soll 
das grundsitzliche kurz auseinandergesetzt werden. 

Befinden sich zwei parallele Ebenen mit dem Reflexionskoeffizienten r im 
Abstande / voneinander, so wird die Intensitét eines senkrecht einfallenden 
parallelen Lichtbiindels in einen zuriickgeworfenen Anteil « und einen hindurch- 
gelassenen # zerlegt, wobei die genaue Rechnung 


_-2r(1 — cos ¢) 
2reosg 


(2a) 


(it 


2b 
1 — 2rcosg + r? (2b) 


B 


ergibt. g = 4nl-y ist der Phasenunterschied bei zweimaligem Durchsetzen des 
Zwischenraumes. « und # sind einander komplimentar, d.h. es ist stets a + 6 = 1. 
Bei schwacher Reflexion (r? < 1), wie das bei nichtverspiegelten Platten der Fall 
ist (bei Quarz betrigt r etwa 3-5%), kann mit sehr guter Naherung 


a = 2r(l — cos 9g), (3a) 


B = 1 — 2r(1 — cos g) (3b) 


gesetzt werden. Der Verlauf der durch die Formeln (2a) und (2b), bzw. (3a) 
und (3b) gegebenen Intensititsverteilung bei frequenzunabhangig einfallender 
Lichtintensitat ist in Abb.4 dargestellt. 

Der Plattenabstand kann bereits aus der Farbe des zuriickgeworfenen Lichtes 
roh geschitzt werden, was schon beim Zusammensetzen des GefaBes zu beurteilen 
gestattet, ob er annahernd richtig getroffen worden ist. Beispielsweise fillt bei 
einem Abstande von etwa 0-5 ein Intensitaétsberg (vgl. obere Kurve in Abb.4) 
das Empfindlichkeitsgebiet des Auges aus. Die Flache erscheint, entsprechend 
dem Maximum der zuriickgeworfenen Intensitat, leuchtend griin. 

Die drei in Abb. 5 wiedergegebenen gemessenen Intensitatsverteilungskurven 
sind mit Hilfe des lichtelektrischen Beckman-Spektralphotometers Modell DU 
aufgenommen worden. Die starke Intensitétsabnahme im kurzwelligen UV ist 
durch Absorption in der dicken Quarzschicht der Platten bedingt. Zur Bestim- 
mung des Plattenabstandes ist es nicht erforderlich, den Intensitétsverlauf im 
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ganzen Spektrum aufzunehmen. Es geniigt, die Lage eines Maximums fest- 
zustellen und seine Ordnung durch angeniherte Bestimmung der Schwankungs- 
periode zu ermitteln. Bei der Ordnung m und der Lage des Maximums »,,, bzw. 
der zugehérigen Wellenlinge /,,, wird dann der Abstand mit Hilfe von 


(4) 


noch genauer als durch (1) bestimmt. Die Genauigkeit, mit der die Lage eines 
Maximums, bzw. Minimums bestimmt werden kann, betrigt im Falle steiler 
ausgeprigter Maxima, wie in der oberen Kurve der Abb.5, etwa 1/3%. Bei 
geringerem Plattenabstand und flacherem Verlauf (untere Kurve der Abb.5) 


L 
0 V 

Abb. 4. Intensitatsverteilung bei senkrechtem Einfall und schwacher Reflexion. Oben: Zuriick- 

geworfenes Licht. Unten: Hindurchgelassenes Licht. 


wird die Genauigkeit geringer, betrigt aber immer noch etwa 1%, und weniger. 
Diese Genauigkeit tbertrifft die fiir Absorptionsmessungen erforderliche. 


Fehlerquellen 
Die Messung einer vorhandenen Absorption kann durch verschiedene Linge 
des Lichtweges innerhalb des GefiBes direkt, durch falsche Voraussetzung iiber 
dessen Linge indirekt gefalscht werden. 

Die erste Fehlerquelle ist grundsitzlich stets vorhanden, da die Strahlen 
niemals streng einander parallel sind; sie spielt aber auch bei sehr genauen 
Messungen in praxi keine Rolle. Das ist auch beim Beckman-Spektralphotometer 
der Fall, obgleich dessen AbsorptionsgefiB von einem divergenten Strahlen- 
bindel durchsetzt wird. 

Auch durch eine keilformige Schicht, wird der Fehler im Absorptionskoeffi- 
zienten nicht so groB, wie man bei kleinen Schichtdicken zundchst erwarten wiirde. 
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Absorptionskiivette fiir extrem diinne Schichten 


Betrigt die Lichtweglinge in der Mitte J), und differiert die gréBte, bzw. kleinste gegen diese 
um + Al, bzw. —Al, wobei die Absorption gemiB i = ie = ig 10" erfolgt, so ergibt die 
Rechnung 


kl, sinh (kAl) 


igh, ig + 0-88.(k’ Al)?). (5) 
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Abb. 5. Gemessene Intensitatsverteilungskurven. Links von jeder Kurve der mit ihrer Hilfe 
bestimmte Plattenabstand. Uber jedem Maximum die Ordnung. 


Bei Bestimmung des Plattenabstandes mit Hilfe von Interferenzen tritt infolge eines endlichen 
Offnungswinkels eine langsame Abnahme der Intensitaétsschwankung, verbunden mit einer 
minimalen Verschiebung der Maxima in Richtung langer Wellen, ein. Bei Vernachlissigung 
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der 4. und hdéherer Potenzen des Neigungswinkels @ der Randstrahlen des Strahlenkegels 
gegen die Achse erhalt man an Stelle des (3a) und (3b) gemeinsamen Klammerausdruckes 


(6) 


Aus (6) ist zu ersehen, daB unter den beim Beckman-Spektralphotometer vorliegenden Ver- 
haltnissen der Fehler in der Abstandsmessung infolge von Verschiebung der Maxima kleiner 
ist als 1/3%. Eine merkliche Abnahme der Schwankungsamplitude findet erst in sehr hohen 
Ordnungen statt. 

Bilden die Platten miteinander einen Winkel, so ist in den Naherungsformeln (3a) und (3b), 
wie eine ohne weitere Vereinfachungen durchgefiihrte Rechnung zeigt, der gemeinsame 
Klammerausdruck durch 

sin Ag 


Ag 


COB Po (7) 


mit = und Ag = 4Al-y zu ersetzen. 
Bei Zugrundelegung der exakten Formeln (2a) und (2b) erhalt man fiir 8 die Beziehung 


(1 + +A 1 4 —A 
l-—r l-r 2 2 


Aq 


(8) 


B 


Diese exakte Formel behalt ihre Giiltigkeit auch bei starker Reflexion (verspiegelte Platten 
wie im Fabry-Perot). Fir « gilt entsprechend « = 1 — #. Fiir nichtverspiegelte Platten 
genugen indessen die vereinfachten Beziehungen (3a) und (3b) nach Ersatz des Klammeraus- 
druckes durch (7). 


Eine durch die Keilférmigkeit des Zwischenraumes bedingte Abnahme der 
Schwankungsamplitude macht sich in der mittleren der in Abb. 5 wiedergege- 
benen dem Abstande 1-054 entsprechenden Kurve verhiltnismaBig stark 
bemerkbar. Aus der Starke der Abnahme der Amplitude der Intensitits- 
schwankung ergibt sich an Hand von (7), daB A/ nicht mehr als 5% von 1, betrigt. 
Der Fehler in der Bestimmung des Absorptionskoeffizienten betrigt bei diesem 
Grad der Keilférmigkeit bei der stirksten noch gut meBbaren Absorption (10% 
Durchlassigkeit), wie aus der Beziehung (5) hervorgeht, nur 0-2%. 

Die Starke der zu erwartenden Intensitaétsschwankung laBt sich mit Hilfe der 
FRESNEL ‘schen Formeln und der Beziehung (3b) aus dem Brechungsindex von 
Quarz berechnen. Unter Beriicksichtigung der zusatzlich vorhandenen Reflexion 
an der vordersten und der hintersten der vier Flichen, ergibt sich eine Schwankung 
von 12%. Die tatsachlich vorhandene Schwankung betrigt im absorptionsfreien 
Gebiet nur etwa 10%. Der Defekt von 2%, der noch gut zu messen ist, laBt sich, 
wie aus (6) und (7) hervorgeht, weder durch den endlichen Offnungswinkel, noch 
durch die Keilférmigkeit des Zwischenraums erkliren. Es driangt sich die 
Annahme auf, daB optimale Reflexionsvermégen der Platten trotz sorgfiltigster 
Politur nicht erreicht worden ist. Dagegen spricht der Umstand, daB die Inten- 
sitat der Maxima dem Reflexionskoeffizienten von Quarz genau entspricht. Es 
steht aber nicht fest, ob bei so kleinen Zwischenriumen die Reflexion in der 
iiblichen Weise aus dem Brechungsexponenten berechnet werden kann. 
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Absorptionskiivette fiir extrem diinne Schichten 


Die Teile des gefiilltem GefiBes sind infolge des geringen Abstandes vonei- 
nander einer starken Beanspruchung durch die Kapillarkrafte ausgesetzt. Es 
erscheint daher nicht selbstverstandlich, daB der Abstand der Wande bei gefiilltem 
GefaB genau der gleiche ist, wie bei leerem. Um das zu priifen, wurde sehr wenig 
Fliissigkeit in das GefiB eingefiillt, sodaB der Raum innerhalb des Ringes nur 
etwa zur Halfte gefillt war, und der Plattenabstand im leeren Teil gemessen. 
Es wurde kein Unterschied gegeniiber der Messung bei leerem GefaiB festgestellt. 
Allerdings ist dabei die Messung nicht sehr genau, weil die Fliissigkeit schnell 
verdampft, und infolgedessen jedes Mal nur wenig MeBpunkte gewonnen werden 
konnten. AuBerdem wurde zur Priifung des Plattenabstandes die Absorption 
im langwelligen Teil des UV-Spektrums von Benzol gemessen, wobei sich Uber- 
einstimmung mit dem LamMBERT’schen Gesetz ergab. Auch eine Reihe von 
Messungen der Absorption von Phenol-Lésungen starker Konzentration sowie von 
reinem fliissigem Phenol ergaben Werte, die dafiir sprechen, daB der Abstand 
sich hei der Fillung nicht andert. Vorhandene Abweichungen liegen innerhalb 
der Fehlergrenzen. 

Mit Hilfe der beschriebenen Absorptionsktivette ist bereits eine groBe Anzahl 
von Messungen ausgefiihrt worden. Die Ergebnisse wurden kiirzlich veréffent- 
licht [5]. Im Absorptionsgebiet des Phenols oberhalb von 2500 A konnten trotz 
der groBben Plattendicke genaue Messungen gemacht werden. Unterhalb von 
2500 A macht sich die Absorption durch die dicke Homosilschicht, besonders 
durch die Bande bei 2400 A, stérend bemerkbar. Daher sind Messungen im 
kurzwelligen Teil des Bandensystems von Benzol, das sich weiter als dasjenige 
von Phenol ins UV erstreckt, schon weniger genau. Es ist daher beabsichtigt, 
in Zukunft Platten aus homogenisiertem Ultrasil, bei dem die Absorptionsbande 
bei 2400 A fehlt, zu verwenden und diese zur Herabsetzung der wirksamen Platten- 
dicke auf das bei gew6hnlichen AbsorptionsgefaBen iibliche MaB mit einer Vertie- 
fung in Mitte zu versehen. 

Zum Schlu8 méchte ich Herrn Prof. Dr. R. Mecxe fir sein Interesse, der 
Deutschen Forschungsgemeinschaft fiir die Erméglichung der Arbeit meinen 
besten Dank aussprechen. 


Zusammenfassung 


AbsorptionsgefaBe mit sehr geringen Schichtdicken bis herunter zu 0-344 werden hergestellt, 
indem auf eines der beiden sehr genau plangeschliffenen Quarzfenster des Absorptionsgefabes 
ein diinner Aluminiumring als Abstandsring im Hochvakuum aufgedampft wird. Damit sich 
das aufdampfende Metall gleichmaBig verteilt, rotiert die Quarzplatte wihrend des Aufdampfens. 
Der Plattenabstand des zusammengesetzten AbsorptionsgefiBes wird mit hoher Genauigkeit 
bestimmt, indem die im Spektrum infolge Reflexion an den Wianden entstehenden Inter- 
ferenzstreifen ausgemessen werden. Die Fehlerquellen werden diskutiert. Zur Abschatzung 
der FehlergréBe werden Formeln abgeleitet. 
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Note concernant les spectres infrarouges de poudres 


R. Leseune et G. DuycKAERTS 


Laboratoire de chimie analytique de | Université de Liége et 
Centre Analyse spectrale moléculaire 


(Regu Aoit 1953) 


Summary—The technique of incorporating the substance in a sintered dise of potassium 
bromide seems to be very promising for quantitative analysis of solid substances by infrared 
absorption. By this method, the amount of substance used may be known precisely; however, 
it has been shown experimentally that in the case of powdered calcite, the extinction depends 
very largely on the particle size of the dispersed substance. A theoretical expression is given 
which agrees with the experimental observations. 


Les spectres infrarouges n'ont guére été employés jusqu’é présent comme moyen 
d’analyse moléculaire quantitative des substances solides insolubles dans les 
rares solvants utilisables. La technique des poudres, avec ses diverses variantes, 
a rendu d’énormes services pour |'étude qualitative des spectres infrarouges des 
solides organiques et inorganiques. Les deux difficultés fondamentales auxquelles 
on se heurte dans |’exploitation de ces spectres en vue d’analyses moléculaires 
quantitatives sont les suivantes: 

(1) La quantité de substance par unité de surface de la préparation est difficile 
a déterminer, que l'on utilise la technique de la pate au nujol ou celle de la sédi- 
mentation. On a suggéré, pour tourner la difficulté, d’ajouter au produit a analyser 
un pourcentage donné d’une substance de référence et de comparer les extinctions 
des bandes des substances a doser & une bande caractéristique de la substance de 
référence. Si cette méthode de |’étalon interne semble & premiére vue, résoudre 
la question, il apparait, 4 examen, qu'elle introduit de nouvelles complications 
provenant de la non-proportionnalité éventuelle de l’extinction avec la quantité 
de substance [1]. 

(2) Pour une quantité donnée de substance par unité de surface, l’extinction, 
au maximum d'une bande, est, toutes choses égales, fonction de la granulométrie 
de la poudre; il en est de méme de la perte de lumiére par diffusion (effet Christi- 
ansen). Ces effets ont été signalés par différents auteurs et notamment A. H. 
PruND [2] ainsi que R. B. Barnes et L. G. Bonner [3]. R. L. Henry [4] fait 
une étude quantitative de ce phénoméne sur le quartz et la blende en s’arrétant 
tout particuliérement a l’effet de la dimension des grains sur la perte de lumiére 
par diffusion dans les régions du spectre ot l'absorption proprement dite est faible. 
Les résultats se laissent représenter quantitativement de facon satisfaisante par 
une expression, établie par N. K. Serrri [5] pour les filtres Christiansen dans le 
visible et combinée avec un terme tenant compte d’une certaine absorption de 
lumiére: 


I = [exp. (—k,.t) + exp (—k,.t)] exp ( ct. d (1) 
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Note concernant les spectres infrarouges de poudres 


: coefficients d’absorption des rayons ordinaires et extraordinaires. 
épaisseur de la couche. 
diamétre des particules. 
indice de réfraction. 
constante (indépendante de 4 mais fonction de l’arrangement des 
particules). 

La question de l’influence de la granulométrie sur l’intensité des bandes 
d’absorptions mérite d’étre reprise et il nous a paru que la nouvelle technique 
des lames de KBr obtenues par compression d’un mélange trés intime de la sub- 
stance a étudier avec du bromure potassique et préconisée récemment par Sister 


100 100 
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Fig. 1. Bandes d’absorption de la calcite incorporée dans une pastille de KBr. Diamétre moyen 
des grains en microns: (1) 55; (2) 40u; (3) 234; (4) 14-7; (5) 54; (6) 2-ly 


M. M. Stimson [6] et par U. Scureprt [7] offre des possibilités intéressantes pour 
aborder cette étude. En outre, la technique des lames de K Br apporte la solution 
définitive a la difficulté signalée plus haut pour l’analyse quantitative; elle permet, 
en effet, de connaitre de facgon précise et par simple pesée, la quantité de substance 
par unité de surface dans la préparation. 

Nous avons enregistré au Perkin Elmer Modéle 21 les deux bandes ifttenses de 
la calcite & 11-4 et 14-04; a cet effet, nous avons incorporé 5 mg de calcite dans 
une pastille de KBr de 25 mm de diamétre et de 0-67 mm d’épaisseur; chaque 
pastille a été préparée avec des grains de calcite assez exactement calibrés par 
sédimentation. Les dimensions des grains ont été mesurées au microscope. 

Les reproductions de spectres de la Fig. 1 montrent clairement l’influence de 
la dimension des grains sur la perte de lumiére par diffusion et sur |’intensité 
des bandes d’absorption. 

Si l’on désire étudier l’influence de la grosseur des grains sur le pourcentage de 
lumiére absorbée en la dissociant de la quantité de lumiére perdue par diffusion, 
il semble que |’on puisse y arriver, tout au moins, en premiére approximation, en 
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interpolant entre les deux ailes de la bande et en considérant l’absorption de 
la bande par rapport a cette ligne prise pour 100. Il est bien entendu que cette 
facgon de procéder n'est pas sans risque puisqu’on sait que c’est dans la région des 
bandes d’absorption que l’indice de réfraction présente des variations trés grandes 
et que par conséquent l’effet de diffusion Christiansen peut subir des changements 
importants. 

La Fig. 2 montre en fonction de la dimension moyenne des grains, les valeurs des 
extinctions obtenues pour les deux bandes en opérant de la fagon que nous venons 
d‘indiquer. On peut constater que, pour une quantité de substance constante, 
extinction augmente lorsque le diamétre des grains diminue et qu'elle tend vers 


diamétre microns 


Fig. 2. ) ll-4u; x 14-024. Valeurs experimentales 
—— : courbes calculées par l'expression (2) 


une valeur limite aux trés faibles diamétres; on voit également que la limite est 
d’autant plus vite atteinte que le coefficient d’extinction est plus faible. 


Nous avons pu montrer que l’extinction = log | d'une dispersion statis- 


tique de grains de formes cubiques (aréte d) dans un milieu transparent est donnée 
par l’expression suivante, tout au moins pour un nombre de grains suffisants 
pour former plus d’une couche: 


10 
logy) {(1 — K) + K.exp.(—kd)} 


logy (‘°) 


8.p.d. 


masse de substance (mg) 

surface de la préparation (cm?) 

densité de la substance (g/cm®*) 

dimension des grains (microns) 

coefficient d’absorption moyen de la substance: i = i, exp (—kd) 
constante (indépend. de 2, mais fonction des vides relatifs dans une 
surface de grains tassés) (K < 1) 
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Note concernant les spectres infrarouges de poudres 


Nous avons confronté cette équation théorique avec nos résultats expéri- 
mentaux: 


5 mg 
= 4-9 em? 


= 2-7] 


I] reste & déterminer k et K; a cet effet, on peut montrer que lorsque d — 0, 
lexpression (2) tend vers la valeur limite suivante: 


0 m.k 
lim. (10g is (3) 


4-0 I 2:3 p.s 


Cette expression permet de calculer le coefficient d’absorption k des deux 
bandes; il reste a rechercher par tatonnement la valeur de K. qui, comme nous 
le savons, doit étre inférieure a 1. 

Les courbes calculées tracées sur la Fig. 2 ont été obtenues avec les valeurs 
suivantes: 


A: 1l-4yu k = 0-515 K = 0-997 
A: 14-02 k = 0-157 K = 0-997 


Si l'on tient compte des hypothéses mises en jeu dans ce calcul (correction de 
la perte de lumiére par diffusion, grains cubiques, préparation homogéne et 
grains calibrés), on peut dire que l'accord est déja trés satisfaisant. 

Nous nous proposons néanmoins de reprendre cette étude plus en détail en 
essayant d’améliorer l’uniformité des grains de fagon a pouvoir faire une critique 
plus détaillée des formules théoriques que nous proposons. 

On peut conclure, dés a présent, que la méthode de l’incorporation de la 
substance dans une pastille de KBr ouvre une nouvelle voie pleine de promesses 
pour l’analyse quantitative; il ressort dés a présent, qu’il s’agit de soumettre 
les substances & un broyage suffisant de facon a se trouver dans la région des 
finesses ou l’extinction est pratiquement constante. 

Nous nous proposons également d’examiner les possibilités analytiques de la 


méthode. 


Résumé 


La technique des pastilles de bromure de potassium s’avére étre extrémement intéressante pour 
l'analyse moléculaire infrarouge des substances solides: elle permet de connaitre trés exacte- 
ment la quantité de substance mise en jeu; toutefois, on a pu montrer expérimentalement, 
dans le cas de la calcite, que l’extinction dépend fortement de la dimension des particules de la 
substance dispersée dans le bromure potassique; une formule théorique interpréte correctement 


les résultats. 
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The spectrochemical determination of impurities in 
copper and copper alloys by means of a spark-ignited arc-like discharge 


FREDERICK V. SCHATZ 
Research Department, Revere Copper and Brass, Inc., Rome, New York 


(Received 13 November 1953) 


Summary—A spectrochemical method of analysis of copper and copper alloys with a sensi- 
tivity capable of detecting lead, tin, iron, nickel, silicon, bismuth and aluminium at 0-001°,, 
tellurium, arsenic and phosphorus at 0-004°%,, and zine at 0-01%, is described. This method 
differs from the conventional are analysis in that it is based on the excitation in a selected 
region in the vicinity of the cathode when using a special triggered discharge of the Multi- 
source. If the circuit constants of the Multisource are adjusted to give a heavily, over-damped 
discharge, and if the sample is made negative, a narrow region of enhanced sensitivity exists 
for certain elements in the vicinity of the cathode. This region has been demonstrated to be 
equivalent to the cathode layer in D.C. arc. Variations in the relative sensitivities of certain 
elements, as well as variations in the excitation temperature, have been investigated for various 
points across the discharge gap. 


1. Introduction 

tecent trends in spectrochemical analysis, especially on the part of the large 
metal producing industries, have been toward fast automatic methods of analysis, 
utilizing the direct-reading spectrometer. This trend has introduced problems 
which, though not serious in a spectrographic laboratory where non-routine 
analyses predominate, have become increasingly important to the direct reading 
analyst. Most of these problems centre around simplifying and standardizing 
analysis procedures, and at the same time increasing precision and sensitivity. 

Applied specifically to the copper and brass industry, the problem involves 
combining into a simplified procedure a method of high precision, capable of 
, zine with an error of 1°, of content or less, and a method of 
extreme sensitivity, capable of determining impurity elements present in amounts 
of 0-001% or lower. In a previous paper [1] the author described a procedure 
which handled the above problem with considerable success. Briefly, this pro- 
cedure utilized several point-to-plane discharges, with a flat cast-metal specimen 
as the plane and a graphite electrode as the point. Different discharge character- 
istics were obtained by adjusting the capacity, inductance and resistance in the 
power circuit of the Applied Research Laboratories Multisource [2]. By means 
of these spark ignited discharges, 30°, zine in 70-30 brass was analyzed with an 


determining 40° 


error of +0-35°, of content, and impurity elements were detected down to con- 
centrations of 0-01—0-02 in yellow brass and 0-02-0-05% in red brass and copper. 
This original work was repeated by others [3] and has provided the basis for a 
successful direct-reading method of analysis. Although these sensitivities were 
adequate for the analytical control of a large number of alloys, an equally large 
number of high purity alloys and refined copper remained to be analyzed by other 


methods. 
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The spectrochemical determination of impurities in copper and copper alloys 


These other methods, based principally on D.C. are excitation, use self-elec- 
trodes, solutions, oxides, or metal globules. Results based on D.C. are excitation 
in general are very good. The procedures, however, are often very unsatisfactory 
or even impossible when viewed from the standpoint of fast analytical control. 
In addition to disrupting working schedules, they multiply the basic analysis cost 
per sample by large and unpredictable factors. This situation is aggravated to the 
extreme when direct-reading spectrometers are used. 

The method described in this paper utilizes a spark-ignited, arc-like discharge 
of high sensitivity, and is based on an unusual experimental arrangement. The 
components of the arrangement, though not new, do yield unique results when 
combined in the experiment to be described. Also once installed and adjusted, the 
method has the same simplicity and speed of operation as the conventional analyses 
using solid samples and point-to-plane sparking techniques. Applied to copper 
alloys it has an inherent relative sensitivity for some elements equal to all but the 
most refined D.C. arc type of analysis. The sensitivity of detection of phosphorus 
in copper, for example, is better than any previous method investigated by the 
author. Elements investigated in detail were lead, tin, iron, nickel, silicon, bismuth 
and aluminium, all detected at 0-001%; tellerium, arsenic and phosphorus, 
detected at 0-004°,; and zinc, detected at 0-01%%. 


2. Experimental arrangement 
The method in its ultimate form was a natural outgrowth from an investigation 
of the distribution of certain element line intensities across the discharge. The 
electrode system was a conventional point-to-plane type consisting of a machined 
metal surface and a pointed graphite counter electrode. The spectrograph was a 
large Bausch and Lomb Littrow model using quartz optics. The excitation 
source was an Applied Research Laboratories Multisource [2]. 

In order to examine line intensities emanating from the vapour cloud at 
various distances from the sample, the discharge was considered to be composed 
of a set of lamellae parallel to the sample plane, each lamella emitting radiation 
characteristics of the state of affairs within its small volume. The optical arrange- 
ment for isolating the lamellae along the length of the discharge employed two 
crossed cylindrical condensing lens combined in a manner suggested by HaNsEN 
[4]. One lens with its axis horizontal was placed at the spectrograph slit to focus 
the image of the discharge vertically on the collimator opening with a magnifi- 
cation of 6-5. The second lens with its axis vertical was placed in front of the 
discharge to focus the image of the discharge horizontally on the slit with a 
magnification of 4-0. 

If the axis of the spark discharge is made horizontal, the radiation received by 
the system will be from the lamellar volume described above. The resolution of 
the system, i.e. the thickness of the lamella, is defined by the slit width. In the 
present instance a 40 yu slit was used, defining a discharge cross-section 10 in 
width. Consequently, horizontal adjustment of the discharge position will enable 
the system to analyze 10 wu sections across the discharge from the sample plane to 


the counter electrode. 
A horizontal arrangement of the conventional Petrey stand was devised to 
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facilitate the handling of flat samples (see Fig. 1). To prevent the projecting 
surface of the sample from partially blocking the horizontally divergent rays, the 
vertical plane of the sample was placed at an angle of 5}° to a vertical plane along 
the optic axis. The stand and electrode holder were mounted on a piece of transite, 
a hard, easily machinable, asbestos board. The whole assembly was then mounted 
on the optical bench in a stand with a fine screw thread for accurate horizontal 
adjustment. The vertical adjustment was relatively coarse. 

To facilitate horizontal adjustment and to furnish convenient reference points, 
an auxiliary lens was placed on the optic axis at the rear of the system and an 
enlarged image of the counter electrode was projected on a screen. Exact place- 
ment of the discharge gap was accomplished by aligning the image of the counter 
electrode after the position of its point with reference to the sample plane had been 
accurately set by means of a 2-5 mm gap spacer, placed in the position of the 
analysis sample. The spark stand was split horizontally for this purpose. Initial 
adjustments of the optical system were made with a line-filament microphoto- 
meter lamp placed with the filament vertical at the location of the spark gap. The 
horizontal and vertical images were then centred at the slit and the collimator 
respectively. The position of the discharge gap with respect to the optic axis 
can be maintained if fiducial marks and an appropriate scale are placed on the 
auxiliary screen once the initial alignment is accomplished. 


3. Investigation of intensity variations of selected elements 

across the discharge gap 
Three types of discharges commonly used in copper alloy analysis were studied 
for line intensity variations across the discharge gap (see Table 1). With the sample 
positive none of the discharges showed any unusual variation in line intensities 


Table 1. Types of discharge 


Sample 


Type polarity 


Precision Sensitivity Typical setting 


1. Slightly overdamped ~ 2-0%, Error Poor | 10 wF., 200 wH.,* 10Q 
2. Heavily overdamped 10 % Error Excellent | 60 «F., 400 »H.,* 200 
3. Slightly underdamped 2-0% Error Good 10 200 3Q 


* Settings include 25 ~H distributed inductance. 


in the region adjacent to the sample electrode. However, with the sample negative, 
an enhancement of line intensities appeared in the region adjacent to the cathode. 
This cathode enhancement increased from a small value in the slightly under- 
damped discharge to a very pronounced effect in the heavily overdamped dis- 
charge. As the heavily overdamped discharge had the most pronounced effect in 
combination with a 20 to 1 increase in overall sensitivity, it was selected for study. 

In the heavily overdamped or Type 2 discharge line intensities of certain ele- 
ments were found to be greatly enhanced in a narrow region close to the negative 


200 


5 
a 
Vv‘ L 
1062/ 
4 

‘ 

a 


The spectrochemical determination of impurities in copper and copper alloys 


sample electrode. Visually, the image of the discharge at the slit also presented an 
unusual appearance in that in this same narrow region there was a pronounced 
greenish glow, due to copper emission. The image of this region was easily discerned 
since it was spread out in the vertical direction. This glow was at its narrowest 
when using a copper sample and tended to spread across the discharge as the zinc 
content was increased. The region of enhanced line intensities also tended to 
broaden with increased zine content but not to as great an extent as the visual 
appearance would indicate. This glow appeared shortly after the discharge was 
initiated and reached its maximum extent within approximately the first ten 
seconds of excitation. 

Type 2 excitation is a series of unidirectional, heavily overdamped pulses. 
Computation shows each pulse to have a peak current of 45 amperes and a dura- 
tion of 6-3 milliseconds, i.e. time required for the current to drop to 10% of its 
maximum value. As there is an 8-3 millisecond interval between charging cycles, 
this pulse length is about the maximum permissible with 60 cycle initiator control. 

Basically, Type 2 excitation can be considered an interrupted D.C. arc. Since 
discharge conditions reassert themselves each cycle with the condenser voltage 
returning to its peak value of 940 volts each time, the average are voltage drop 
remains higher than in the continuous D.C. are. Also, unlike interrupted ares of 
the Pfeilsticker variety, where the input mains remain connected to the circuit and 
current is limited only by the are and a series ballast, an accurately measured 
packet of charge is delivered to the arc at each cycle by the Multisource. The 
result is a very reproducible are spectrum in which transitions from high energy 
levels are encouraged. This is evident from the large number of ion lines in 
addition to the usual atom lines. 

Selected brass and copper samples containing various elements in small 
amounts were excited, and spectra were photographed from sections of the dis- 
charge 0, 0-25, 0-5, 1-0, 1-5 and 2-5 mm from the sample electrode in a 2-5 mm 
discharge gap. Relative sensitivity is defined as the concentration where the 
line merges into background, provided sufficient sample is excited to produce 
background. It also may be considered proportional to the effective line-to-back- 
ground ratio when background is present, and the line intensity is corrected for 
background intensity. Consequently, to obtain a comparative picture of the 
change in relative sensitivity of impurity element lines as the distance from the 
sample increases, effective line-to-background intensity ratios were computed 
and plotted on a logarithmic scale. These results for a sensitive iron and lead line 
in both a 70-30 matrix and a copper matrix are shown in Fig. 2. Inspection of 
the curves shows an increase in cathode enhancement with increasing copper 
content, changing from 4-5 to 1 to 15 to | in the case of lead, from 1 to | to 6 to | 
in the case of iron. This enhancement varies to some extent with the line selected, 
but in the case of low impurity elements the number of lines available for exami- 
nation is usually restricted to the most sensitive arc lines. Elements behaving like 
lead, in that there is a pronounced cathode enhancement regardless of the zinc con- 
tent of the matrix, are tellurium, nickel, tin and bismuth. Tellurium and nickel have 
a slightly reduced cathode enhancement in copper in comparison to that in the 
brasses. Tin is similar to lead in that its cathode enhancement is greatly increased 
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in copper. Bismuth was checked only in brasses where its cathode enhancement is 
very pronounced. Elements, behaving like iron, in that cathode enhancement 
becomes very slight when zinc content increases, are arsenic and antimony. 
Phosphorus and zine have a pronounced cathode enhancement in copper. Alu- 
minium showed little or no cathode enhancement in either 70—30 brass or copper. 
In Fig. 3 the intensity ratios of a few copper atom and ion lines are plotted as 
atom-atom and atom-—ion combinations versus distance across the gap to demon- 
strate the variation in cathode enhancement for different lines of the same element. 

The above material suggests a similarity between Type 2 discharge and the 
D.C. copper arc, as described by Mitsourn [5] [6]. In his papers, MrLBouRN 
demonstrated qualitatively the validity of the following points: 


Fe 2483-3 T 
(70 % Cu) Cu 2666-37 | 
> NX Pb 2833 | 
vo % Cu) INQ 
Cu 2634.97 
< Cu 26307 
< 
= + > Cu 2630/7 
x 
Os rs 20 25 O5 20 25mm 
om DISTANCE ACROSS DISCHARGE GAP 
Fig. 2. Variation in relative sensitivity Fig. 3. Variation in intensity ratios of 
of lead and iron across the discharge selected copper line pairs across dis- 
gap. charge gap. 


1. In a D.C. copper are the negative electrode is consumed while the anode 
is untouched. 

2. Oxygen is necessary for the maintenance of the arc, the reaction with 
copper occurring at the cathode. 

3. Impurity lines behave generally like copper lines in that their arc radiations 
are strongest near the cathode and diminish in intensity across the arc. 

4. lon-line radiations are emitted only near to the electrodes. 

5. When the size of the sample at the cathode is reduced to a small globule, 
vapour concentration in the are rises, the cathode layer disappears and the line 
enhancement spreads across the arc gap. 

6. The principles applying to copper are valid in general for its alloys. 
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Fig. 4. Horizontal D.C. are, showing pin samples. 
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In order to make a direct comparison between the two kinds of discharge, a 
horizontal D.C. are was devised. Some experimental difficulties were encountered, 
due to the tendency of a D.C. arc to either hang on a point or to wander erratically. 
However, ;*s-in. diameter pin samples with hemispherical tips were found to be 
adequate for the purpose of comparison, in that the are wandering could be kept 
reasonably within bounds in the optical system and still not hang at one point 
(see Fig. 4). The gap distance was adjusted to 2.5mm and a 3-5 ampere arc 
current, equivalent to the average current in the Type 2 discharge, was used. An 
85-15 brass alloy containing 0-016°% lead was used for both anode and cathode, 
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Fig. 5. Comparison of the relative sensitivities of Pb 2833 across the discharge 
in Type 2 and the D.C. are. 


and a series of spectra at varying distances from the cathode was made, using 
both types of excitation. The variation in relative sensitivity of the Pb 2833A 
line versus distance across the gap is shown for both cases in Fig. 5, where they 
are superimposed for the sake of comparison. As indicated in the figure, the 
cathode layer is present in both discharges and in the D.C. are shows a relative 
sensitivity approximately ten times greater than the corresponding layer in the 
Type 2 discharge. This suggests the use of cathode layer in the above described 
D.C. are excitation for the detection of impurities at extremely high sensitivities. 
The increase in relative sensitivity at the anode in each case is not due to an 
increase in the effective intensity of the lead line, but to a decrease in background 
which became quite low and erratic in the region of the anode. In the Type 2 
discharge, the standard deviation for the intensity ratio Pb 2833/Cu 3030 was 


203 


— | + — 
) 
JG 
D.C. ARC 
| 
| 
| 
| | | 


FREDERICK V. SCHATZ 


3-8°, in the centre of the discharge, and ranged from approximately 10% at 
the cathode to 15°, and greater at the anode. In the D.C. arc, standard devia- 
tions were not computed but appeared to be somewhat larger. Proceeding 
from the cathode to the anode, the reduction in effective intensity of the lead line 
is approximately 10 to 1 in the case of the D.C. are and 5-5 to 1 in the case of the 
Type 2 discharge. Ion lines, which in both cases are strongly enhanced at the 
cathode, extended across the Type 2 discharge. Also in both cases the cathode 
was consumed and the anode was relatively untouched. The similarities in the 
spectra, in the electrode attack, and in the cathode enhancement of the lead line, 
indicate that Type 2 excitation is close to that of a D.C. arc, and that the cathode 
layers are similar in both types of discharge. 


4. Investigation of excitation temperature across the discharge gap 
The variation in the arc-spark line pair in Fig. 3 raises the question of whether 
the discharge is in thermal equilibrium at all points across the gap. If temperature 
is the only parameter, the relative intensity of lines 1 and 2 is given by 


I, A,G,y, 
I, 
= measured intensity 
= transition probability 
= statistical weight 
» = frequency 
= energy of initial transition level 
K = Boltzmann constant 
T = absolute temperature 
LANGSTROTH and McRae [7] have determined the transition probabilities of 
selected tin lines in the course of an investigation of temperatures existing in a 
D.C. and A.C. spark and the D.C. are. Using values determined by them, we have 


for three tin line pairs: 
Sn 3262 
— = 3-06 € 
Sn 3034 
Sn 2850 
Sn 3034 
Sn 2840 
= 1-90 
Sn 2706 
A flat copper sample containing approximately 0-2°, tin was excited, using a 
graphite counter electrode, and relative intensities of the above tin line pairs, 
corrected for background, were determined at various locations across the dis- 
charge gap. The relative intensities of the same tin line pairs were also determined 
in the horizontal D.C. are using pin samples of the dimensions described before. 
The temperature computed from the relative intensities of these tin line pairs 
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are summarized in Table 2. It is apparent from the large divergences in tem- 
perature in the region next to the negative sample electrode for both the Type 2 
discharge and the D.C. arc, that in this region other factors in addition to tem- 
perature are operating. Consequently, a Boltzmann distribution of the electron 
population among the energy levels is not possible in the region of the cathode 
layer. On the other hand, at the centre of the arc, at about 1 to 1-5 mm from the 
electrode, temperatures computed from the two line pairs approach each other, 
and thermal equilibrium can be considered to exist. 


Table 2. Temperatures across discharge gap 


| Distance across gap in mm 
Snline| Dis- 
pair | charge 


0-25 0-50 


RI T’K RI | T°K | RI | T°K RI) TK RI | T’K 


i 


| 
sn 3262 | 
Sn 3262) 1-97 | 14,7 700 | 2.17 | 15,000+ 


1-78 | 12,200 | 1-34 | 8,000 | 1-16 | 6,800 | 1-23 | 7,200 
Sn 3034) Type 2 | 1-88 | 13,400 1-97 | 14,700 | 1-77 | 12,100 | 1-39 8,400 | 1-19 6,900 | 0-98 5,800 
2-0 | 15,000 1-88 | 13,400 | 1-55 | 9,700 1-46 8,900! 1-21 7,100 | 1-09 | 6,400 


1-54 9,700 1-57/| 9,900 | 1-41 8,500 1-29 7,600/ 1-09 6,400 


| DC are | 


1 
| 1-48 | 9,100 | 1-58 | | 10,000 1-51 | 9,400 | 1-27 7,500 | 1-13 *6,600 1-1: 


6, 

0-13 O14 | 
sn 2850 (0-12) 6,300 O14, 700 | 0-14 | 6,700 | 0-15 | 7,000 | 0-12 | 6,300 | 0-10 | 5,800 
DC are 0-10, 5,800 | 0-11 | 6,000 0-11 | 6,000 | 0-12 | 6,300 | 0-11 | 6,000 0-11 6,00 
| O11 | 6,000 | 0-11) 6,000 | 0-12 | 6,300 | 0-11 | 6,000 | 0-10 | 5,800 | 0-11 6,000 


Sn 2840 | 
n 2706 


Braupo, Craces, and [8] observed divergences in temperature 
almost identical to those in the cathode region in the course of an investigation 
of the excitation temperatures in a low-voltage, high-power, triggered spark-arc 
source. They used Ba I, Ba II, and Mg I line pairs. Though not stated explicitly, 
the total light flux from the discharge was probably examined. As part of their 
explanation of this temperature discrepancy, reference was made to the possi- 
bility that different zones of the discharge produced different populations in 
different energy levels. However, this point was not examined in detail. 

Relative intensities of the tin line pair 2840/2706, though not temperature 
sensitive, were also determined to check departures from the theoretical value 
of 1-9. This determination was not too successful for the spark-ignited arc-like 
discharge since the photographic density of Sn 2840 was greater than 2-0, and 
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accurate microphotometer readings were not possible. Using the values of the 
tin line pair 2840/2706 in the centre of the discharge as an emulsion contrast 
control. slight corrections were applied to the relative intensities of the other line 
pairs. When this was done, temperatures were found to be single valued in the 
region 1-5 mm from the cathode to the anode in both cases, and to have a value 
of 6900°-7100°K for the Type 2 discharge and 6300°-6500°K for the D.C. are. 
Since radiation from the cathode layer is several times more intense than that 
from the centre of the discharge, its contribution to the total light flux would tend 
to be dominant in any optical condensing system that collects radiation from the 
entire discharge. Consequently, any plate calibration or excitation standardi- 
zation based on selected line pairs is of dubious value if the above factors are 
ignored. Errors arising from this situation are aggravated if slight changes in 
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Determination of lead in brass and copper. 


the adjustment of a critical optical system tend to throw the radiation from the 
cathode layer in or outside the entrance pupil of the optical system of the 
spectrograph. 
5. A sensitive analysis of copper and copper alloys 

The enhanced relative sensitivity of many of the elements in the vicinity of the 
cathode or sample electrode, using the overdamped discharge, opened up the 
possibility of exciting large metal samples with a spark-ignited, arc-like discharge 
equivalent to the conventional D.C, are in sensitivity. This possibility was en- 
couraged by the fact that many of the highly enhanced elements are the same 
elements which need to be detected in low concentration in copper and copper 
alloys. 

However, if an analysis is to be practical for fast routine work, optical adjust- 
ments and the position of the sample should not be so critical that it is difficult 
to maintain reproducibility. In the investigation just described, line intensities 
with respect to background change with great rapidity in the cathode region. 
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Consequently, grave doubts were entertained regarding the suitability of a spectro- 
chemical analysis based on enhancement at the cathode. However, in tests 
over a period of two years, during which the system was dismantled and re- 
assembled many times, no difficulty was experienced in reproducing the working 
curves. Day-to-day checks were easily accomplished not only by means of the 
auxiliary lens system, but also by means of spectrographic line pairs whose relative 
intensities change rapidly in the cathode region. 

Figs. 6 to 10 show working curves that have been included to demonstrate 
the various analyses possible on copper alloys. In many cases the most sensitive 
lines have not been used. Since most of the curves are non-linear and approach 
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Fig. 7. Determination of iron in brass and copper. 


background relative intensity as a horizontal asymptote, background corrections 
are made, 

The auxiliary curves designated by primed letters, included in the various 
figures are obtained by correction of the background of the analysis line only. 
In all cases these curves are linear, and their slopes, with few exceptions, are 
approximately 45°. Once these auxiliary curves are obtained they can be used 
for extrapolating values on the uncorrected curves by adding the background 
relative intensity to values along their extended range. This device is quite useful 
when a limited number of standards are available and the uncorrected working 
curve is to be used for analysis purposes. However, for careful work near the 
limits of relative sensitivity, background corrections should always be made. 
Shifts of the working curves, due either to a change in concentration of the 
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matrix element or to the presence of other elements, were observed and are 
indicated on many of the curves. Studies of these shifts were hampered by an 
insufficient number of accurately analyzed standards, especially in the very low 
ranges of impurity concentration. Consequently, many of the curves are incom- 
plete. In some cases shifts were so small that an average curve was drawn for 
the uncorrected curves. Such is the case in Fig. 8 where a single uncorrected 
curve is drawn for tin. 

The following list is a brief resume of the observed causes for curve shifts, 
many of which are illustrated in the figures: 

1. Changes in the matrix element concentration. In many cases this shift 
occurs in a straightforward manner, but it is often complicated by the effects 
listed below. 

10 
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Fig. 8. Determination of tin in brass and copper. 


2. Changes in the length of the exposure time. Curve shifts due to different 
rates of evaporation with time of the element in question and the internal standard 
copper may result from a change in exposure time. 

3. Changes in background intensity relative to the line intensity. Curve 
shifts of this type have been observed in copper where the presence or absence of 
minor impurity elements has an effect on the background. This effect can be 
eliminated by correcting both impurity and matrix lines for background. 

4. Changes in relative intensity of an impurity line due to the presence of 
other elements. Changes of this nature, which are all out of proportion to the 
amount of their additions, have been observed when tin, silicon, and aluminium 
are added to copper. 

5. Changes in relative intensity due to the effect of a change in concentration 
of the specific impurity on the intensity of the matrix element line. This rather 
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peculiar shift was observed in the determination of small amounts of iron in copper 
where increasing amounts of iron so enhanced the copper lines that the curve for 
relative intensity versus concentration was quite flat. [1] 

6. Changes in the volatility of the brass alloy with increasing amounts of zinc. 
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Fig. 9. Determination of zine in copper and silicon-manganese bronze. 
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Fig. 10. Determination of phosphorus in phosphor bronze and copper. 


Since copper is quite different from zinc in its susceptibility to attack by the dis- 
charge, relative intensities of different elements vary differently with increasing 


zine content. 
7. Changes due to metallurgical effects. This extremely annoying curve shift 
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has its origin from causes which are often obscure and difficult to locate. Also it 
differs from the preceding shifts in that it is often random in its occurrence. 

In general the method has displayed the greatest improvement in sensitivity 
over conventional spark methods in the analysis of red brass, gilding metal and 
copper. In the conventional spark methods, using the light emitted over the 
entire discharge, background builds up with increasing copper content very 
rapidly, and is so heavy for pure copper that the entire spectrum is quite black. 
However, in the method described, which uses a selected portion of a special type 
of discharge from the Multisource, copper is handled with the same ease as the 
yellow brasses of high impurity content. As an example, this method has been 
especially noteworthy in the determination of phosphorus in copper. Before 
using the present procedure, no excitation conditions could be found that gave 
consistently good results for a phosphorus content of 0-01 to 0-05% in copper 
due to variations in the relatively strong background present. Any D.C. are 
excitation methods were also complicated by the fact that when 0-001% Fe was 
present. Fe 2535-6 interferes with P 2535-7, the most sensitive phosphorus line. 
However. in the present method Fe 2535-6 is suppressed and does not appear 
until Fe reaches 0-015°%,. well above the Fe content of most refined copper. 
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A high precision slit and photocell arrangement for spectrochemical 
analysis 


C. CARLSSON 


Metallografiska Institutet, Stockholm 


(Received February 1954) 


Summary—The slit and photocell arrangement described has four exit slits. The position 
along the focal plane of each of these slits can be adjusted individually from the outside of 
the spectrograph with an accuracy of 1-2 yw. Each slit can be adjusted separately to coincide 
with the focal plane and to be parallel to the spectrum line. A strip of photographic film can 
be fixed on each slit. An exposure of this film gives full information about the perfection of the 
alignment at a point not further away from the slit than the film thickness. 


In attempting direct-reading determination of phosphorus in steel by means of a 
quartz spectrograph of medium dispersion [1] it was found necessary to have an 
exit slit arrangement that fulfilled the following requirements: 


1. Narrow exit slits (20 ,). 


2. Easy alignment of exit slits from the outside of the spectrograph with an 
accuracy of 1-2 wv. 


3. Exact focussing of lines on exit slits and means of controlling the focussing 
adequately. 


4. Firm construction, not too sensitive to vibration. 


Slit and photocell arrangements described in the literature have recently been 
reviewed in this journal by Natsu and RamspeEN [2]. In considering the require- 
ments listed above it was found that none of the apparatus on the market would 
allow the necessary precision. An attachment had to be built and a new con- 
struction was developed which could meet the requirements better than those 
previously described. Usually there is a desire to have many exit slits in order 
to determine several elements at the same time, but that was no important point 
in this case. Actually two exit slits would have been sufficient for the phosphorus 
determination but four slits were incorporated as this could be done quite easily. 

From a Hilger Medium Quartz Spectrograph the complete plateholder and 
tilting arrangement was taken away and the new attachment was bolted directly 
to the spectrograph casting. The distance from the casting to the focal plane 
(6-5 em) was sufficient for the new arrangement. The principal idea is shown in 
Fig. 1. 

For each slit there is a separate moving system. A vertical axle (3) supports 
in its upper end a 20cm long arm (4) the far end of which is pressed against a 
micrometer screw (9) by a spring. From the lower part of the axle a bar (5) 
extends at the end of which the slit (6) is fastened. By turning the micrometer 
screw the slit can be moved along a circle that is a tangent to the focal plane. 
The slit is never moved in this way greater distances than 2 or 3 mm, and the 
deviation from the focal plane is then of no importance. 
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The vertical 8-mm steel axle moves in a holder of brass (7) having a conical 
bearing at the bottom and a cylindrical bearing at the top (Fig. 2). The axle and 
the bearings must be worked to a high degree of precision since the function of the 
complete assembly depends on these parts. On the other hand no other parts, 
except the slit edges, need a high degree of exactness. The brass holder has a 
rectangular cross section (15 mm wide 20 mm deep) and is fixed to the back plate 
(2) of the assembly by means of screw clamps (8). A 3-mm flange at the top of the 
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Fig. 1. General view of arrangement. 1 spectrograph casting, 3 vertical axle, 4 arm, 5 bar sup- 
porting slit holder, 6 slit holder and slit, 7 holder for vertical axle, 9 micrometer screw, 10 shelf, 
11 photocell, 12 mirror, 13 holes for electrical connections. 


holder rests on the upper edge of the back plate and prevents the holder from 
sliding down when the clamps are loosened. This is done when the slit has to be 
moved along the focal plane a greater distance than can be accomplished by means 
of the micrometer screw. 

The bar (5) that carries the slit should not be too light since only the weight of 
the moving system keeps the axle firmly settled in the conical bearing. The bar is 
extended towards the back in order to get the weight more symmetrically divided. 
The arm from the top of the axle to the micrometer screw should be rigid but as 
light as possible. A thin-walled U-shaped steel section can be used. 

The slit edges are mounted on a slit holder (Fig. 3) having a cylindrical shaft 
fitting into a hole in the supporting bar. The shaft is always inserted right to the 
bottom of the hole. At the end of the shaft there is a screw which regulates the 
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A high precision slit and photocell arrangement for spectrochemical analysis 


length of the shaft. If the slit does not coincide with the focal plane this screw is 
turned and the focus controlled until the best setting is found. 

At the top of the slit holder there is a wing protruding above the supporting bar. 
By turning the slit holder this wing is brought to rest against a horizontal screw on 
the bar. In this position the slit holder is fixed with a screw acting on the cylindrical 
shaft. If the slit is not parallel to the spectrum lines the fixing screw is loosened 
and the horizontal screw turned a little. This is repeated until slit and spectrum 
lines are parallel. 


MAAN 


7 
<< 


10 


Fig. 2. Section through assembly for one slit. 1 spectrograph casting, 2 back plate, 3 vertical axle, 
5 bar supporting slit holder, 6 slit holder and slit, 7 holder for vertical axle, 8 screw clamps, 10 shelf 
with holes for photocells and mirrors, 13 hole for electrical connections, 14 screens. 


The slit edges are 1 mm thick and made of steel. They are ground in a fixture 
to good straightness and finish. They are mounted on a plane of the slit holder 
that is perpendicular to the direction of light in the spectrograph. The edges are 
fixed at one end only with two screws each (Fig. 3). When adjusting the slit width 
a steel foil of the proper thickness (e.g. 20 ~) is placed between the edges. These 
are pressed together and the screws drawn tight. Then the steel foil is removed. 

In order to facilitate the fixing of a strip of photographic film on the slit edges 
a small groove is cut at the lower end of the slit holder. This groove is large enough 
to allow the film strip to slide in between the holder and the slit edges about | mm 
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and thus be fixed at thisend. At the other end of the slit the film is pressed against 
the slit plane by means of a small spring clamp. 

All light from the spectrograph except that passing through the slits is masked 
off by means of three metal screens. One of these has openings in front of the slits. 
The openings which are wider than the slit edges can be brought to a suitable width 
by means of shutters riding on the screen. 

The photocells. and the mirrors used for throwing the light on the cells, are 
mounted on a shelf protruding from the lower part of the back plate. The photo- 
cells and mirrors are thus mechanically separated from the slit system. One or two 
photocells may be mounted so as to receive the light directly from the slit. Light 
losses in the mirror are then avoided. When the slits are moved small distances 


a b c 


Fig. 3. Slit holder and slit edges. (a) Seen from the side, (b) seen from below, (c) seen in a direction 
perpendicular to the slit plane, (d) section perpendicular to slit plane showing method of fixing 
photographic film. 


the photocells (and mirrors) may remain in the same position. The light will fall on 
another part of the light-sensitive surface which may have a different sensitivity, 
but this is of no importance, since a recalibration is necessary in any case when the 
slits have been moved. 

The electrical connections are passed through holes in the lower part of the 
back plate. A hood fitting the back plate encloses the whole arrangement. It can 
be removed and replaced without upsetting the adjustments. A photograph of 
the assembly with the hood and one light screen taken away is shown in Fig. 4. 

The slit arrangement described has been used with satisfactory results. It may 
be considered as a disadvantage that each slit has to be adjusted separately, but 
when the closest adjustment must be obtained it is easier to think of only one slit 
at a time. When several slits are mounted on a frame two adjustments must be 
carried out with great precision, the adjustment of the slits on the frame and the 
adjustment of the frame. The first adjustment will inevitably have a small error 
which changes with temperature and the second adjustment will be a compromise 
between the best position of each slit. When a frame is used it may further be 
difficult to get the best focus on each slit, especially if the focal plane is not 
perfectly flat. 

In the arrangement described all the adjustments can be made individually to 
the highest perfection, and the result can be observed for each slit by means of a 
photographic film fixed on the slit edges. When an exposure has been made some 


214 


: q 
’ 
VWlie 
€ 
1953/7 
Loan 


Fig. 4. Photo of the assembly with the hood 
and one light screen taken away. 


Fe21s0-63 
Fe 51:70 


Fe 52-24 Fe21u7-79 


P and Cu P 2149-11 
Fig. 5a. Fig. 5b. 


Fig. 5a. Spectrum of steel about 2% P and 0-4% Cu taken perpendicular to the direction of light 

on a film strip fixed on exit slit edges. Image of slit superimposed shows unsatisfactory alignment. 

Fig. 5b. Same spectrum recorded on fine grained plate in focal plane shows that P- and Cu-lines 
are resolved. Excitation: high tension spark. 
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A high precision slit and photocell arrangement for spectrochemical analysis 


light is allowed to fall on the slit from behind which gives an image of the slit 
superimposed on the spectrum. The film then gives all information about the 
perfection of the alignment at a point not further away from the slit than the film 
thickness. An example of such an image is given in Fig. 5. 
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SPECTROCHEMICAL NOTES 


W. Serra und H. De Larrouie 
Institut fir physikalische Chemie der Universitat Munster/Westf. 


( Received 11 December 1953) 


Summary—An electronic timing circuit is described which will automatically control all the 
usual operations in the recording of spectra. It also includes controls for the interrupted arc. 
The presparking and exposure times can be adjusted continuously in the range of 2 sec to 8 min; 
exposure times are reproducible with a precision of 0-3% and no precision engineering is involved 
in its construction. 


Im Folgenden wird ein Zeitschaltgerat beschrieben, das die bei der Aufnahme von Spektren 
auftretenden Arbeitsgiinge automatisch steuert. Die bisher beschriebenen derartigen 
Geriite [1}-(5] beruhen darauf, dass durch Synchronmotore oder Uhrwerke angetriebene 
Verzégerungsrelais ablaufen, oder dass durch Synchronmotore angetriebene Zahnradsysteme 
oder Telephon-Drehwihler elektrische Impulse an Relais geben. 


+300 V 


60kN 


= 
They 


Bild 1. Grundgedanke. Bild 2. Spannungsteiler. 


Es ist nun versucht worden, ein Zeitechaltgerit zu bauen, das elektronisch gesteuert 
wird und bei dem die einzigen mechanisch bewegten Teile die Anker einiger einfacher Relais 
sind. Das Gert arbeitet nach dem Prinzip der Kippschwingungserzeugung (Bild 1), ein 
Kondensator C wird iber eine Regelpentode mit konstanter Stromstirke i, bis zur Ziind- 
spannung U, einer Glimmlampe G aufgeladen. In Serie mit der Glimmlampe liegt ein 
Relais Re. Es ist hier ein 60V Relais mit einem Widerstand der Wicklung von 4k © 
eingebaut. Die verwendete Glimmlampe ziindet bei etwa 200 V. Wird ein Arbeits- 
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Ein elektronisches Zeitschaltgerat fiir die Spektralanalyse 


kontakt von Re parallel zu G gelegt, so erreicht man dadurch, dass sich der Kondensator 
nach der Ziindung nicht nur bis zur Léschspannung von G@ entlidt, sondern bis auf die 
Spannung, bei der Re abfalit. Das verwendete 60 V Relais fallt bei etwa 10 V ab. Hat C 
eine Capacitaét von 32 uF, so bleibt das Relais rund 1/3 sec unter Strom. Mit den iibrigen 
Kontakten von Re lassen sich dann elektrische Impulse von 1/3 sec Dauer an andere 
Schaltelemente geben. 

Wesentliche Bedeutung kommt dem Isolationswiderstand des Kondensators zu. Wird 
ein Kondensator mit konstantem Strom i, aufgeladen, so ist der zeitliche Spannungsverlauf 
linear, U = du/dt ist konstant. Liegt aber dem Kondensator ein Widerstand R (schlechte 


Bild 3. Zweistufiges Zeitschaltgerat 


Isolation) parallel, so wird U im Verlauf der Aufladung dauernd kleiner. Ist die Ziind- 
spannung von G um AU ungenau, so ist die Ladezeit t/ um A U/ U sec ungenau, wobei 
das U fiir den Augenblick der Ziindung einzusetzen ist. Lasst man zu, dass UV im Augenblick 
der Ziindung bis auf die Halfte seines Anfangswertes gesunken ist, dann ergibt sich fir den 
Mindestwert des Isolationswiderstandes R > t’/0-414 C. 

Fir die Art der Einstellung der Schaltzeiten war folgende Uberlegung massgebend: Ist 
z.B. in einer spektrochemischen Analysenvorschrift eine Belichtungszeit von 60 sec ange- 
geben, so ist es gleichgiiltig, ob man statt 60 sec 55 sec oder 65 sec lang belichtet, wichtig ist 
aber, dass innerhalb einer Aufnahmeserie die einmal eingestellte Zeit méglichst genau 
reproduziert wird. Die ‘‘Schaltgenauigkeit” soll also méglichst gross sein, waihrend an die 
“Einstellgenauigkeit”’ keine besonderen Anforderungen gestellt werden (Tabelle 2). Weiter- 
hin sollen alle Zeiten von etwa 2 sec bis 8 min geschaltet werden kénnen. Der ganze zu 
iberstreichende Schaltzeitbereich von iber 2 Zehnerpotenzen lasst sich mit einem einzigen 
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Potentiometer einstellen. Bild 2 zeigt den Spannungsteiler mit Potentiometer. Wird ein 
kleinerer Einstellfehler verlangt als in Tabelle 2 angegeben, so kann das erreicht werden 1) 
durch Verwendung eines Prizisionspotentiometers und 2) durch Unterteilung des gesamten 
Schaltzeitbereiches in mehrere Stufen. 

Wichtig ist eine konstante Betriebsspannung U,. Die Stabilisierungseinrichtung ist 


Tabelle 1. Wirkungsweise des Gerites nach Bild 3 


Anmerkung zu Tabelle 1 und zu den Schaltbildern. 


Die Relais sind mit Re und einer Ziffer bzw. Re, einer Ziffer und A oder B bezeichnet. Die 
Relaiskontakte tragen die Relaisbezeichnung und eine weitere Ziffer bzw. R. Essindz.B. Re21 
Arbeitskontakt 1 des Relais Re2, Re4R Ruhekontakt des Relais Re4. 


Schaltablauf im Gerdat Schaltvorgang 


Kurzzeitiges Niederdricken von A. Aufladung von Cl 
beginnt, L2 leuchtet auf, Rel zieht an. Rel R schaltet zusiatz- 
lichen Entladewiderstand fiir C aus, Rell iiberbriickt A, Rel2 
schaltet Re9 ein. Re9l und Re92 schalten Funkenerzeuger ( F F) 
ein. Vorfunken hat begonnen. 


Einschalten zum Vorfunken 


Vorfunken 


Vorfunkzeit ist abgelaufen, wenn Cl auf U, von G1 aufge- 
laden. G1 ziindet, Re2 zieht 1/3 sec lang an. Re21 dffnet VT’, 
Re22 uberbriickt Gl, Re23 schaltet die zweite Stufe ein. Damit 
beginnt Aufladung von C2, L3 leuchte auf, Re3 und Re3A 
ziehen an. Re3AR schaltet zusatzlichen Entladewiderstand 
fir C2 aus, Re3l iberbriickt Re23, Re32 iiberbriickt Rel?2, 
Re3A1 Offmet VB", Re3R unterbricht Stromzufiihrung zur 
ersten Stufe, Rel fallt ab. Rel R schaltet zusatzlichen Entlade- 
widerstand fur Cl ein, Rell und Rel2 gehen auf. 
hat begonnen. 


Ubergang vom Vorfunken 
zur Belichtung 


Belichtung 


Belichtung 


Belichtungszeit ist abgelaufen, wenn C2 auf U, von G2 
aufgeladen. G2 ziindet, Re4 zieht 1/3sec lang an. Re4l 
schliesst }‘'7"’, Re42 uberbriickt G2. Re43 betitigt Kassetten- 
verschiebung K. Re4Runterbricht Stromzufuhrung zur zweiten 
Stufe, Re3 und Re3A fallen ab. Re3AR schaltet zusadtzlichen 
Entladewiderstand fiir C2 ein, Re3A1 geht auf, womit VB” 
wieder schliesst. Re3l geht auf, Re32 geht auf, womit Re9 
abfallt und uber Re9l und Re92 Funkenerzeuger ausgeschaltet 


Ausschalten 
wird. Re3R schliesst wieder, das Gerat ist fiir die nachste 


Aufnahme bereit. 
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in Bild 5 unten rechts gezeichnet. Bei einer Anderung der Netzspannung von H)%, andert 
sich U, um weniger als 0-2%. Eine Netzspannungsanderung von 10°, und damit eine 
Heizspannungsanderung fiir die Laderéhre von 10°, wirkte sich aber noch auf die Elek- 
tronenemission der Gliihkathode dahin aus, dass sich der Anodenstrom und damit die 
Schaltzeit um 1° anderte. Es ist daher (in den Schaltbildern nicht gesondert gezeichnet) 
wahlweise Netz- oder Batterieheizung vorgesehen. 

In Bild 3 ist (ohne Gleichstromversorgungsteil) ein zweistufiges Gerat gezeichnet, dass 
das Vorfunken und die Belichtung steuert. Als Photoverschluss kann man sowohl einen 


Bild 4. Abreissbogensteuerung. 


Verschluss ‘‘B”’ (bleibt solange gedffnet, wie die Betatigung dauert) als auch einen 
Verschluss ‘‘7”’ (wird durch einen ersten Impuls ge6ffnet und durch einen zweiten Impuls 
wieder geschlossen) verwenden. Der erstere ist mit V“‘ B’’, der letztere mit V“‘7"”’ bezeichnet. 
Die Wirkungsweise ist in Tabelle 1 beschrieben. Durch einfache Zusatzeinrichtungen 
lassen sich noch einige weitere Schaltméglichkeiten erreichen. Diese Erweiterungen, die 
in Bild 5 mit eingezeichnet sind, auf die aber nicht naher eingegangen wird, sind: 

1. Schaltung “ohne Vorfunken.”’ 

2. Schaltung “nur Vorfunken” (zum Anwarmen der Kohleelektroden bei der Aufnahme 
der Spektren von Salzlésungen). 

3. Schaltung “‘Wiederholung” (zur Aufnahme des Abfunkeffektes, wobei bis zu mehreren, 
Stunden automatisch eine Aufnahme nach der anderen besorgt und am Ende der 
Funkenerzeuger abgeschaltet wird). 

4. “Unterbrechung” (wodurch der gerade laufende Schaltvorgang in jeder beliebigen 
Phase unterbrochen werden kann und das Gerat praktisch sofort fir die nachste Aufnahme 
bereit ist). 

Nach dem Prinzip der Kippschwingungserzeugung lasst sich auch leicht eine elektro- 
nische Steuereinrichtung fiir den Abreissbogen aufbauen. Bild 4 zeigt das vereinfachte 
Schaltbild dazu. Die Wirkungsweise ist aus dem Bilde abzulesen. Wahlt man C in Stufen 
schaltbar zu 8, 16, 24 und 32 vF, so hat man mit einem 60 V Relais (Re 6) Bogenbrenn- 
zeiten von etwa 0-1, 0-2, 0-3 und 0-4 sec. Als Ladezeiten fiir C (Bogenbrennpausen) kommen 
Zeiten von 0-2 bis 2 sec in Frage. Der Isolationswiderstand von C fallt (gemass der obigen 
Uberlegung) nicht ins Gewicht, man kann hier einfache Elektrolytkondensatoren verwenden. 
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Ein elektronisches Zeitschaltgeraét fiir die Spektralanalyse 


In Bild 5 ist das Gesamtschaltbild des Zeitschaltgeriites aufgezeichnet. Es besteht aus 
zwei Schaltstufen und aus einer Steuerstufe fiir den Abreissbogen. Die Schaltarten sind: 
“Funke,” ‘““Dauerbogen,” “‘Abreissbogen.”’ Weiterhin kann auch “Abreissfunke”’ geschaltet 
werden, was bei der Analyse niedrig schmelzender Legierungen wiinschenswert ist. Jede 
dieser Schaltarten lisst sich mit jeder der oben angefiihrten Erweiterungen kombinieren. 

Das Gerit ist seit 3 Monaten dauernd eingesetzt, Stérungen sind bisher noch nicht 
aufgetreten. Vor Staub und Feuchtigkeit ist das Gerit zu schiitzen (Auftreten von 
Schleichwiderstinden). Tabelle 2 enthalt Angaben iiber die Eichung und die Genauigkeit. 
In einer Liste sind die wesentlichen Einzelteile zusammengestellt. Mit Ausnahme der 
Relais finden nur Bauelemente der Rundfunkindustrie Verwendung. 


Zusammenfassung 


Es wird ein elektronisches Gerit beschrieben, das alle bei der Aufnahme von Spektren 
auftretenden Arbeitsginge automatisch steuert. Dariiberhinaus enthilt es eine Steuer- 
einrichtung fiir den Abreissbogen. Vorfunk- und Belichtungszeit lassen sich kontinuierlich 
von 2 sec bis 8 min einstellen. Die eingestellten Schaltzeiten werden mit einer Streuung 
von 0:3°% reproduziert. Zum Aufbau sind keinerlei mechanische Priazisionsteile erforderlich. 


Tabelle 2. Eichung und Fehler der Belichtungsstufe 


Schaltzeit | | Schaltfehler 
(sec) | %) | (%) 


Potentiometeranzeige 
(Winkelgrade) 


Die Einstellfehler und Schaltfehler sind die aus jeweils 10 Einzelmessungen berechneten 
relativen mittleren Abweichungen von den Mittelwerten. Unter Einstellfehler ist der 
Fehler der Schaltzeiten verstanden, der auftritt, wenn das Potentiometer jedesmal neu 
eingestellt wird. Die Messungen fiir diesen Fehler wurden an verschiedenen Tagen bei 
Zimmertemperaturen von 21°, 18°, 14° und 12° C ausgefiihrt. Unter Schaltfehler ist der 
Fehler der Schaltzeiten verstanden, der auftritt, wenn ohne Verinderung der Potentio- 
metereinstellung der Schaltvorgang mit kurzen Pausen wiederholt ausgelést wird. 
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0 | 2-0 | 
20 | 29 | 
40 50 
60 78 2-1 | 
80 | 13s | 0-9 
100 | 161 0:8 | 
120 | 22-7 2-2 | 
140 315 2-1 | 0-32 7 
160 | 401 3-6 | 0-31 : 
180 | 60-4 2-1 | 0-27 
200 | 90-3 | 1-9 | 0-25 
220 147 | 2-8 | 0-23 
240 251 3-6 0-49 | 
260 486 3-8 0-66 
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Liste der Einzelteile 


Ein elektronisches Zeitschaltgerat fiir die Spektralanalyse 


Gegenstand 


Bezeichnung 


Rohren EF 41 
Roéhren EL41 
Roéhre EF 42 
Roéhre EZ80 
Glimmroéhre Valvo 85Al 
Glimmroéhren STV 150/20 
Signalglimmlampen 
Siemens Kleinrelais 

220V 3A IR 
Siemens Kleinrelais 

220V 2A 
Siemens Kleinrelais 

110V 2A 
Siemens Kleinrelais 

110V 3A IR 
Siemens Kleinrelais 

110V 4A 
Siemens Kleinrelais 

60V 3A IR 
Bosch- M.P.-Kondensatoren 


G1, G2, G3 

Li, L2, L3, L4 
Re4 B, Re8 

Re9 

Re7 

Rel, Re3, Re3A 
Red 

Re2, Red, Re6 


C1, C2 


32 uF 
| Netztransformator 
| 2 x 400V 


Weiterhin: Elektrolytkondensatoren, Potentiometer Schalter, Widerstande, etc. 


Schrifttum 
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Note— Herr van SomeRN machte uns freundlicherweise darauf aufmerksam, daB von GENTRY, 
Newson und MircHe t in J. Soc. Chem. Ind. 1947 66 323-325, ein Zeitschaltgerat auf ahnlicher 
Grundlage beschrieben worden ist, was uns leider entgangen war. 
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Spectrochemical Note 


Wo.treane 
Spektrochemisches Labor der Degussa-Hanau, Hanau, Main 
(Received 20 May 1953) 


Summary—<A new sample stand for the spectrochemical analysis of small areas is described, 
which is fitted with a binocular microscope for observing the counter-electrode and the spot 
to be tested; this serves not only to locate the spark but can be used to observe the spark 
while it is running. The sparked area can be restricted to a diameter of 0-2 mm for a two- 
minute exposure. Examples are given of the application of this instrument to the analysis of 
inclusions, and of intermetallic layers. 


Fiir die spektralanalytische Untersuchung von Einschliissen und Ausseigerungen oder 
von Diffusionszonen und Lotschichten sind die tiblichen Anregungsbedingungen wenig 
geeignet, da der Funke oder Bogen einen zu groBen Bereich des Probematerials verdampft. 
Die Entladung muB deshalb 6rtlich so daB der ‘‘Brenn- 
fleck”’ méglichst nicht gréBer als der EinschluB ist. 

Nach H. Morirz [1] und R. Bryan [2] kénnen die Einschliisse mit sehr kleinen Mikro- 
bohrern (0-03 mm) aus dem Material herausgearbeitet und dann auf Kohle—bzw. Graphit- 
Elektroden im Bogen untersucht werden; dieses Verfahren ist jedoch fiir die meisten 
technischen Zwecke zu zeitraubend. Mit Hilfe einer speziellen Gleichspannungsanregung 
mit sehr kleiner Kapazitét, Selbstinduktion und Stromstiarke sowie durch Montage von 
Probe und Gegenelektrode (die sich in einer Vakuumkammer befanden) an Stelle des 
Spaltes erreichten J. Martin und G. Scuerse [3], [4] eine Einengung des Funkens auf 
einen Durchmesser von 0-02 mm. Alknliche Verfahren unter Verwendung des “Faden- 
funkens” beschrieben H. Tricné (5)—der mit HF-Funken nach Gerlach arbeitete—und 
W. M. Murray, B. Gerrys und S. E. Q. Asuuey [6]. Eine weitere Verkleinerung der 
Anfunkstelle ist durch Abdecken der zu untersuchenden Proben mit gebohrten, etwa 
0-05 bis 0-1 mm dicken Plattchen aus Gips, Glimmer oder Rubin (z.B. Lagersteinen fir 
die Uhrenindustrie) méglich. Diese Plittchen, mit einer Spezialnadel gebohrt, werden 
mit der Offnung genau auf die zu analysierende Stelle gelegt, so daB durch das Loch in 
dem Isolationsmaterial die abgefunkte Fliche gut begrenzt wird; jedoch ist das Auf- 
bringen der Plattchen nich einfach. In den Veréffentlichungen von H. BitcKLe und 
A. Ker [7], P. Kurmscer und O. ScuireBMann [8] und G. THANHEISER und J. Heyes [9] 
wird dieses Verfahren ausfihrlicher beschrieben. Zur Erzielung kleinster Anfunkflachen 
ist es auBerdem—nach F. G. Barker, H. Convey und J. H. O_prrevp [10], [11], [12}— 
sehr empfehlenswert, die Probenoberfliche zu polieren und einen méglichst kleinen Elek- 
trodenabstand zu wahlen. Ausseigerungen in Stéhlen wurden z.B. auf diese Weise unter- 
sucht, wobei als Gegenelektroden speziell geformte Graphit- und Silberstabe Verwendung 
fanden. —Die genannten Methoden haben Nachteile: Der ‘‘Fadenfunke”’ ist zu lichtschwach 
und durch die hierfiir benétigte Vakuumkammer mit Pumpeinrichtung sowie die besondere 
elektrische Anregung zu umstandlich. Bei den Lochplittchen verdampft ein Teil des 
Plattchenmaterials stets mit, so daB auch die Linien seiner Bestandteile, z.B. Si, im 
Spektrum auftreten, auBerdem ist das Justieren der Plittchen ziemlich schwierig. Eine 
Erleichterung der Elektrodeneinstellung bringt nach F. R. Bryan und G. A. Nanstout [13] 
die Montage der Gegenelektrode an die Stelle eines der beiden Objektive eines Binokular- 
Mikroskopes. Die Einstellung kann durch das zweite optische System beobachtet werden. 
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Zur Anregung wird eine Art Fadenfunke (mit 5000 V Gleichspannung) verwendet; auch 
hier sind Belichtungszeiten von 1 bis 2 Stunden wegen der geringen Funkenintensitét 
erforderlich. 

Da die beschriebenen Verfahren fiir betriebliche Schnellanalysen zu langwierig und 
umstandlich sind, haben wir eine Anregung erprobt, welche die Entladung auf einen Brenn- 
fleck von etwa 0-2 mm Durchmesser lokalisiert und trotzdem nur Belichtungszeiten von 
etwa 2 Minuten erfordert. AuBerdem haben wir ein komplettes Lokalanalysenstativ* zum 
Aufsetzen auf die optische Bank entwickelt, welches aus 2 Teilen besteht, dem eigentlichen 
Stativ zur Halterung von Probe und Gegenelektrode und dem Mikroskop. Mit Hilfe des 
binokularen Mikroskopes kann die Gegenelektrode genau iiber die zu untersuchende Stelle 
zentriert und wahrend der Entladung die Einschlagstelle des Funkens beobachtet werden. 

Apparatives. Abb. 1 zeigt das Konstruktionsschema des Statives. Zur Beobachtung- 
wird ein normales binokulares Mikroskop nach Greenough von der Firma Leitz-Wetzlar 
mit 80-facher VergréBerung verwendet. Die Probe wird auf den Probentisch, der als 
Kreuztisch ausgebildet ist, aufgelegt und kann somit in Richtung der optischen Achse 
und senkrecht hierzu bewegt werden. Eine Verschiebung von 0-02 mm ist noch zu messen. 
Fiir die Aufnahme von ‘‘Fahrspektrogrammen’”’ besteht die Méglichkeit, den Kreuztisch 
synchron mit der Spektrographenkassette automatisch zu verschieben. Die Hoéhenver- 
stellung von Probentisch und Gegenelektrode ist getrennt méglich. Fiir letztere ist noch 
eine Héhenfeinverstellung vorhanden, an der eine Verschiebung von 0-01 mm abgelesen 
werden kann. 

Als Gegenelektrode wird eine sehr gleichmaBig angespitzte Nadel von 1 mm Durch- 
messer aus reinem Silber, Kupfer oder Platin—je nach Aufgabenstellung—verwendet. 
Die Nadel kann in eine Quarzkapillare eingesetzt werden, die nach dem Verfahren von 
J. Martry [3] unten zu einer feinen Spitze mit einer Offnung von 0-1 mm ausgezogen ist. 
Durch diese Offnung schieBt der Funke gut zentriert auf die Fehlerstelle. Die Proben- 
oberfliche soll méglichst glatt sein; die besten Ergebnisse werden mit polierter Anfunk- 
fliche erzielt. Auf der Probe bildet sich ein Fleck mit einer sehr viel kleineren inheren 
Verdampfungszone; nur letztere ist fiir den analytischen Befund maBgebend. Der duBere 
Bezirk la8t sich leicht wieder abwischen; denn hier hat sich nur eine diinne Oxydschicht 
niedergeschlagen [10]. Fir spezielle Zwecke kann die Probe auch noch mit einem gebohrten 
Glimmerplattchen abgedeckt werden, wobei sich die Beobachtungsméglichkeit durch 
das angebaute Mikroskop auch fiir das Justieren des Plattchens als sehr niitzlich erweist. 
Soll auf Si geprift werden, sind Glimmerplittchen und Quarzkapillare nicht brauchbar. 
Dann kann nur mit der Nadel als Gegenelektrode gearbeitet werden. 

Justierung des Statives. Das Stativ wird so auf die optische Bank gestellt, daB der 
Abstand der Elektroden vom Spektrographenspalt etwa 20 mm betragt. Zur Vermeidung 
von Lichtverlusten muB8 der Funke genauestens in der optischen Achse justiert sein. 
Hierzu wird eine Quecksilberlampe an die Stelle der Spektrographenkassette gebracht. 
Das Licht der Quecksilberlampe fallt dann auf das Prisma und tritt aus dem Spalt aus. 
Nunmehr wird der eigentliche Stativteil so lange verschoben, bis der Lichtstrahl auf die 
Gegenelektrode fallt. AnschlieBend verstellt man der Mikroskopteil, daB die Spitze der 
Gegenelektrode und auch der Probe in das Gesichtsfeld kommen. Nunmehr kann man 
die zu untersuchende Stelle genauestens unter die Gegenelektrode bringen, so daB der 
Funke die Stelle treffen muB. 

Versuchsbedingungen. Spektrograph Q 24; 
Offnungsverhiltnis 1 : 15. 
Spaltbreite: 0-010 bis 0-015 mm; Stufenblende vor dem Spalt fest eingestellt. An 
Stelle der Quarzlinse befindet sich eine Quarzscheibe vor dem Spektrographenspalt. 


* In Deutschland zum Gebrauch ster angemeldet. 
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Ein neues Spezialstativ fiir die Spektralanalyse 


Vorderansicht 


Abb. 1. Schema des Lokalanalysenstatives. 


Drauf sicht 


Abstand Funkenstrecke—Spalt: 20 mm, ohne Abbildung. 
Elektrodenabstand: 0-4 bis 0-7 mm. 
Gesteuerte Funkenentladung nach FreussNER 


U =93kV,,, 
C = 1400-2100 pF 
L = 0-08 mH 
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Dampfungswiderstand im Hochspannungskreis: Wasserwiderstand von ca. 2000 Ohm 
Belichtungszeit: 2 Minuten. 

Plattenmaterial: Perutz spektral blau. 

Entwickler: Methol-Hydrochinon, hart arbeitend. 


Der Dampfungswiderstand im Hochspannungskreis ist sehr wichtig. Wir verwenden 
hierzu ein Akkumulatorenglas, gefiillt mit destilliertem Wasser, dem einige Tropfen HCI 
zugegeben werden. Als Stromanschliisse sind 2 Kohlestabe eingesetzt. Durch Verringer- 
ung der Energie lat sich die Entladung noch starker einengen und fadenformiger gestalten, 
hierdurch werden aber die Belichtungszeiten erheblich verlingert; wir haben fiir unsere 
betrieblichen Arbeiten die angefiihrten Anregungsbedingungen mit Erfolg angewandat. 

Nachstehend sollen einige Anwendungsbeispiele gegeben werden, um zu zeigen, dab 
sich das Stativ vielseitig fiir betriebliche und wissenschaftliche Probleme einsetzen |aBt. 

Unter den angegebenen Anregungsbedingungen entstand eine “Abfunkzone” mit 
einem Durchmesser von etwa 0-2 mm. Aus Abb. 2 ist ersichtlich, daB die Zielgenauigkeit 
sehr groB ist. Bei den Einschliissen in einem Silberblech handelt es sich um Eisenteilchen. 

Kleinere Teilchen, die bei der 80-fachen VergréBerung unseres Mikroskopes noch nicht 
sichtbar sind, werden durch Verschieben der Probe unter der feststehenden Gegenelektrode 
und Aufnahme einer Reihe von Spektren analysiert. Nach dieser Methode wurde ein 
Platin-Tiegel untersucht, der nach Mitteilung des Einsenders beim Gliihen Wismut-haltiger 
Salze undicht geworden war. Im ungeitzten Ausschnitt des Bodens konnte im Metall- 
Mikroskop eine graue zweite Phase festgestellt werden. Mikroskopische Heiztisch-Unter- 
suchungen [14] hatten ergeben, daB diese bei 716°C schmolz. Da die zweite Phase erst 
bei starkerer VergréBerung sichtbar wurde, war es nicht méglich, diese Stellen bevorzugt 
anzufunken. Durch Verschieben der Probe nach jeder Aufnahme wurde festgestellt, daB 
an einzelnen Stellen des Schliffes Bi-haltige Anreicherungen auftraten. Da erfahrungs- 
gemaB durch Bi-Aufnahme der Schmelzpunkt des Platins erheblich herabgesetzt wird, 
konnte auf spektroskopischem Wege der Grund fiir die Zerstérung des Tiegels eindeutig 
bestatigt werden. 

Ein weiteres Anwendungsgebiet des Lokalanalysenstatives ist die Untersuchung von 
diinnen Zwischenzonen (z.B. Lotschichten). Die Probe wird auf dem Kreuztisch unter 
der feststehenden Gegenelektrode quer zu der zu analysierenden Schicht langsam hin- 
durchgefahren unter gleichzeitiger Verschiebung der Kassette am Spektrographen [11], 
(15), [16]. Dies erfolgt am besten durch einen kleinen Motor, der sowohl den Platten- 
transport als auch die Tischverschiebung tiber flexible Wellen betatigt. Aus dem auf diese 
Weise entstandenen “Fahrspektrogramm”’ la6t sich auf Grund des Auftaiichens und 
Verschwindens neuer Spektrallinien die Zusammensetzung der Zwischenschichten ermitteln. 
Wenn die Schichten zu diinn sind, schleift man die Probe unter einem sehr flachen Winkel 
an und erhalt so eine erhebliche ‘ VergréBerung’’:[7| bei einem Anschleifwinkel von etwa 
einem Grad ist die zu untersuchende Schicht 60-fach verbreitert. Abb. 3 zeigt eine mit 
Silber doublierte Messingprobe. Es wurde hierbei eine Cd-haltige Lotschicht festgestellt. 

Wie erwihnt, lassen sich auch Diffusionszonen mit unserem Verfahren analysieren. 
Vonn Herrn Prof. W. Serrn (Institut fiir physikalische Chemie an der Universitat Miinster 
Westfalen) erhielten wir eine Probe, die durch Zusammenpressen eines Kupfer und eines 
Zink-Bléckchens und langeres Tempern hergestellt worden war. Ein Querschliff hatte eine 
breite Diffusionszone zwischen den beiden Metallen gezeigt (Abb. 4). Es sollte geklart 
werden, ob ein kontinuierlicher Cbergang von dem einen Metall zum anderen vorhanden 
war, oder ob sich mehrere abgegrenzte Bereiche mit konstanter Zusammensetzung gebildet 
haben. Auf Grund von Mikrohirtemessungen konnten drei Zonen ermittelt werden, in 
denen die Hartewerte jeweils ziemlich constant waren. Spektroskopisch wurden diese 
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Abb. 2. Fremdeinschliisse in Ag-Blech. 
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Cd Cu Ag Cd Cu 
2265 2276 2280 2288 2294 
Abb. 3. Bestimmung einer Lotschicht. 
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Abb. 4. Untersuchung einer Cu Zn Diffusionsprobe. 
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Ergebnisse bestatigt. Nach dem Photometrieren der Spektren ergab sich ein treppenartiger 
Ubergang von Bereich zu Bereich (Abb. 4). 

Ein weiteres Beispiel fiir die Anwendung des Mikrofunkens ist die Untersuchung eines 
Objektes, welches aus mehreren iibereinanderliegenden Schichten besteht. Es war durch 
einen Querschliff festgestellt worden, daB das Material aus vier Schichten iiber dem Kern 
aufgebaut ist. Der sehr schwache Funke wurde auf eine Stelle der Probe konzentriert und 
die Elektrode nicht mehr verstellt. Die Schichten verdampften allmahlich nacheinander. 
Gleichzeitig wurde die Kassette langsam verschoben. An Hand der entstandenen Spektren- 
Reihe konnte die Zusammensetzung der einzelnen Schichten einwandfrei ermittelt werden. 

Fri. THea BretrMann danke ich fiir ihre umsichtige Hilfe bei der Durchfiihrung der 


Untersuchungen. 
Zusammenfassung 


Es wird ein neues Lokalanalysenstativ beschrieben, bei dem der anzufunkende Punkt 
und die Spitze der Gegenelektrode durch ein binokulares Mikroskop beobachtet werden 
kénnen. Auf diese Weise ist es méglich, jederzeit reproduzierbar die zu analysierende 
Stelle in die Mitte der Auftreffstelle der Funkenentladung zu justieren. AuBerdem kann 
auch wahrend der Spektralaufnahme der Funkeniibergang durch das Mikroskop laufend 
tiberwacht werden. 

Die Arbeitsbedingungen wurden so gewahlt, daB bei kurzen Belichtungszeiten (ca. 
2 Minuten) Anfunkstellen von 0-2 mm Durchmesser entstehen. 

An einigen Beispielen—Untersuchung von Einschliissen, einer zweiten Phase, Lot- und 
Diffusionszonen—wird die Verwendbarkeit des Statives fiir betriebliche Analysen gezeigt. 
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Hauptkennzeichen und Vorteile der Apparatur 
Das besondere Kennzeichen der unten beschriebenen Einrichtung besteht darin, dass die 
periodische Entladung des Kondensators auch ohne in Reihe geschaltete Induktivitat 
méglich wird. 

Vom praktischen Gesichtspunkte aus gesehen, ist die Entladung des Kondensators ohne 
in Reihe geschaltete Induktivitat sehr bedeutend. Wenn der auf die U, Spannung geladene 
Kondensator von C Kapazitaét iiber die Induktion L entladen wird, betragt die maximale 
Stromstirke bei Vernachlassigung des ohm’schen Wiederstandes den Wert: = Ue 
und so wachst die Stromstirke mit der Verminderung der Induktivitaét. Es ist gelungen, 
den Wert von L auf 1-25uH herabzusetzen. 


Altere Methoden zur Ziindung der Analysenfunkenstrecke 


Zur Ziindung der Kondensatorentladung waren bis jetzt* zwei prinzipielle Schalt weisen im 
Gebrauch. Bei der einen, die von K. Preristicker [3] stammt, geschah die Ubertragung 
der Hochfrequenzziindspannung mit Hilfe eines mit dem Kondensator in Reihe geschalteten 
Tesla-Transformators. Bei dieser Lésung muss man mit einer in Reihe geschalteten 
Induktivitét von mindestens 80-100uH rechnen. Bei der anderen Lésung wird die 
Analysenfunkenstrecke mit einer zu ihr parallel geschalteten Hochfrequenz-Quelle zur 
Ziindung gebracht. Um einen Kurzschluss der Hochfrequenz durch den Kondensator zu 
verhindern, muss eine Induktionsspule als Drossel eingeschaltet werden. Deren Induk- 
tivitat soll mindestens 25u4H betragen. Diese Lésung stammt eigentlich von J. VAN 
CALKER [4] der sie bei seinem Wechselstrombogen angewendet hat. Dieselbe prinzipielle 
Lésung der Ubertragung ist auch in der Multi-Source Unit [5] angewendet. 


Ziindung mit Hilfe eines speziellen Tesla-Transformators 
und dreier Hilfsfunkenstrecken 
Zur Ubertragung des Ziindstroms haben wir zwei neue Schaltweisen ausgearbeitet. Bei 
der ersten Lésung (Abb. 1) haben wir einen speziell gebauten Tesla-Transformator ver- 
wendet. Die Sekundarspule dieses Transformators besteht aus zwei in Reihe geschalteten 
Halbspulen von entgegengesetzter Windungsrichtung. Auf diese Weise ist die Polaritat 
der Spannung auf den beiden Endpunkten der ganzen sekundaren Spule immer iiberein- 
stimmend, jedoch entgegengesetzt der Polaritat des Symmetriepunktes. Der Hoch- 
frequenzstrom kann also—zumindest grésstenteils—nicht unniitz durch den Kondensator 
C fliessen sondern er ziindet tiber die Hilsfunkenstrecken F,, F, und F, die Analysen- 


* Ausgenommen J. VAN CALKER’s neue Methode [1, 2]. 
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funkenstrecke F. Die Richtung des Ziindstroms innerhalb einer Hochfrequenz-Halb- 
periode ist in Abb. 1 durch die Pfeile angedeutet. Die Seitenelektrode der doppelten 
Funkenstrecke F, kann z.B. spektralreine Kohle sein.* Mit dieser Anordnung kann bei 
einer Restinduktivitét von nur 1-25u4H im Entladekreis des Kondensators C auch eine 
Analysenfunkenstrecke von 6-8 mm Linge noch véllig sicher geziindet werden. 


Ziindung mit Hilfe eines einfachen Tesla-Transformators und zweier 
Hilfstunkenstrecken 

Bei der anderen Lésung (Abb. 2) wird an Stelle des speziellen Tesla-Transformators ein 

einfacher Tesla-Transformator ohne Hilfsdoppelfunkenstrecke F, verwendet. Hier 


Abb. 1. Ziindung mit Hilfe eines speziellen Tesla-Transformators und dreier 
Hilfsfunkenstrecken 


kann bei einer Restinduktivitat von 1-25u4H eine Analysenfunkenstrecke von 1-5 mm 
Lange gebraucht werden. Diese Schaltung weicht von der CaLKER’schen Schaltung nur 
in den Hilfsfunkenstrecken F, und F, ab. Werden aber diese weggelassen, so wird sich die 
Ziindspannung durch den Kondensator C schliessen wenn keine ausreichende Induk- 
tivitat im Kreis liegt. Der Wert des maximal zu ziindenden Probeelektrodenabstandes 
wird von der Induktion des Entladekreises abhingen. Dieser Zusammenhang wird durch 
die Tabelle 1 veranschaulicht. Aus den Angaben geht hervor, dass der Elektrodenabstand 


fy 


Cy 


Abb. 2. Ziindung mit Hilfe eines einfachen Tesla-Transformators und zvweier 
Hilfsfunkenstrecken 


mit der Vergrésserung der Induktion wichst und dass den Hilfsfunkenstrecken F, und F, 
(Lange je 11 bis 13 mm) gerade bei den kleinen Induktionswerten entscheidende Bedeutung 
zufallt. 


* J. van CALKER beniitzt in seiner neuen Methode auch eine Seitenelektrode, aber ohne speziellen 
Tesla-Transformator und Hilfsfunkenstrecken F, und F;. 
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Die Bedeutung der Hilfsfunkenstrecken kann folgendermassen erklirt werden. Die 
auf der Analysenfunkenstrecke auftretende Tesla-Spannung ist gleich dem entstehenden 
Spannungsabfall auf dem Entladekreis. Der Wert dieses betragt—da der auftretende 


d 
Spannungsabfall auf dem Kondensator C vernachlassigt werden kann—L - wobei L die 


ganze Induktivitét des Kreises, i die augenblickliche Starke des Hochfrequenzstromes 

und t die Zeit bedeuted. Geht der Tesla-Strom durch die Hilfsfunkenstrecken, so ergibt 
di 

sich im Augenblick des Durchschlages der Hilfsfunkenstrecken ein viel grésserer ai Wert, 


als ohne diese. Im Zusammenhange damit steht auch jene praktische Beobachtung, dass 
die grésste Analysenfunkenstrecke bei maximalen Hilfsfunkenstrecken erreicht werden 
kanh. 


Vergleich der zwei neuen Verfahren 


Der Vorteil der ersten Lésung besteht in einer langen Funkenstrecke bei kleiner Induktion. 
Es ist aber nachteilig, dass die Seitenelektrode eine sorgfiltige Justierung bendétigt, da 


Tabelle 1. Zu den verschiedenen Induktivitdtswerten des Entladekreises gehdriger grisster 
st Probenelektrodenabstand mit und ohne Hilfsfunkenstrecken 
Mazximale Analysenfunkenstrecke mm 
Mit den Hilfsfunkenstreck | 
sf F, und F, 
2 
2-5 0-3 
3 0-5 
3-5 
7 


sonst die Ziindfunken nur in eine der Elektroden schlagen und der Kondensator sich nicht 
entladen kann. Unangenehm ist ferner, dass das Spektrum der Seitenelektrode in vielen 
Fallen stéren kann. Schliesslich verhindert das halbseitige Abbrennen der Probeelektroden 
ihre gleichmassige Verdampfung. Der einzige Nachteil der zweiten Lésung besteht in der 
kiirzeren erreichbaren Lange der Analysenfunkenstrecke. Es sei aber zu bemerken, dass 
der bei einer grosseren Restinduktivitaét als 1-25uH erreichbare Elektrodenabstand von 
wenigstens 1-5 mm sich in der Praxis als véllig ausreichend erwies. 
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Die komplette Einrichtung 
Abb. 3 zeigt die prinzipielle Schaltskizze der ganzen Einrichtung. 


1. Ladestromkreis 


Der Ladestromkreis ist der vom Kondensator C links gelegene Teil des Arbeitsstromkreises. 
Der Kondensator setzt sich aus sechs Einheiten zu 40 und zwei zu 5uF zusammen. 
Jenachdem wie diese in Reihe oder parallel geschaltet werden, hat man folgende Werte: 
2-5, 5, 10, 20, 40, 80, 120 und 240uF. S, ist ein Schalter, V und A sind Volt-und Amper- 
meter, R ein in Stufen schaltbarer Dampfungswiderstand, C, und C, Filterkondensatoren 
zu je 2uF und L, und L, sind Induktivitéten von einigen Hunderstel Henry, die eine 
Absperrung der Tesla-Stroéme bezwecken. Durch die spannungsteilende Widerstandsbriicke 


we 


Re 3 


? Ts 
Abb. 3. Schaltschema des Funkenerzeugers 


R,, R, wird die zum Oszillographieren der Kondensatorspannung nétige Abzweigung 0, 
gespeist. 

Zu jedem Kapazitatswert ist ein solcher Wert des Dampfungswiderstandes zu wihlen, 
dass die Ausgleichsvorginge im Ladekreis in der Zeit zwischen je zwei Entladungen ab- 
klingen kénnen. Tabelle 2 gibt die zusammengehérenden Werte von R und C fiir den Fall, 
dass die Ausgleichsvorginge in 5 msec auf 1°, des Anfangswertes abgeklungen sind. 


Tabelle 2. Zu den verschiedenen Kapazitatswerten gehdrige Werte des Dampfungswiderstandes 
und der effektiven stationaren Stromstarke 


10 20 40 


Daraus dass die Produkte der zusammengehérenden R und C Werte konstant sind 


(R.C = 1/920) folgt, dass die Phasenverzégerung der Kondensatorklemmspannung zur 
Netzspannung, sowie die Spitzenspannung des Kondensators von C Werten unabhangig 
sind und g’ = 19° bzw. U, max vy. 
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2. Entladekreis 


Die Leitungen des aus C, L und F bestehendem (Abb. 3) Entladekreises werden aus einer 
Kupferschiene von 100 mm? Querschnitt gefertigt. Der ganze Widerstand des Stromkreises, 
das Funkenstativ eingeschlossen, betrug einige Hunderstel Ohm, seine Selbstinduktion 
ohne die Induktionsspule Z insgesamt nur 1-25uH. 

Um eine vielseitige Anwendung der Einrichtung zu erreichen, haben wir die in 10 
Stufen abzapfbare Luftkerndrosselspule L eingebaut. Diese Spule wurde, abweichend von 
der vereinfachten Schaltskizze in einen besonderen Nebenzweig gebaut, dessen Induktivitat 
ohne Einschaltung von L 2-75uH betrug. Die mit den einzelnen Abzapfungen erhaltenen 
Werte der gesamten Induktion betragen 3-65, 5-20, 9-80, 19-6, 32-0, 58-0, 110, 235, 450 und 
1010uH. Die Querschnitte der einzelnen Spuleneinheiten vermindern sich im Verhaltnis 
der entstehenden Stromspitzenwerte von 79 mm® bis auf 3 mm®. 


3. Ztndstromkreis 


Den Ziindstromkreis kann man mit dem Schalter S, in Betrieb setzen. Der Vortransform- 
ator 7'r, zu 380/110 V dient nur zur Speisung des Hochspannungstransformators T'r, zu 
110/28000 V. (Ein Transformator von 380 V primarer Spannung stand mir nicht zur 
Verfiigung.) R, ist ein Schiebewiderstand zu 75Q und R, ein fester Widerstand zu 200. 
Der Kondensator C, hat eine Kapazitat von 2800 pF. Der eine Pol der Funkenstrecke F, 
ist eine Eisenscheibe von 20 mm Durchmesser, der andere ein zugespitzter Kohlenstab von 
5 mm Durchmesser in 15 mm Abstand. Mit Hilfe dieser asymmetrischen Funkenstrecke 
kann die Ziindung in jeder, oder in jeder zweiten Halbperiode eingestellt werden. Ver- 
mindern wir die auf der Funkenstrecke auftretende Spannung mit dem Widerstand R, so 
weit, dass der Funke eben tiberschl§gt, so wird sich der Kondensator nur in jeder zweiten 
Halbperiode entladen. Die spitze Kohlenelektrode wirkt naimlich als glihende Kathode; 
nur in jener Halbperiode wird eine Entladung zustandekommen, in welcher diese Elektrode 
eine negative ist. Mit kalter Kohlenelektrode ensteht oft keine Entladung. In diesem Falle 
schliessen wir den Druckknopfschalter S, auf einige Sekunden. 

Gemiss der Ersatzschaltung des Ziindkondensator-Ladestromkreises, betrigt die 
Phasenverzogerung der kondensatorklemmens Spannung gegeniiber der Netzspannung: 


R 


tag’ = R( 


100 
wobei g die vorliegende Phasenverzégerung, R den Diampfungswiderstand (R,), w die 
Kreisfrequenz des Netzstroms, C die auf die primaire Seite umrechnete Kapazitat (4,44-10~¢ 
F) des Ziindkondensators (C,) und S die Induktion (0-09 H) der Primarspule vom Trafo 
(Tr,) bedeutet. Die Streuung des Transformators (0-0022 H) kann vernachlissigt werden. 
Um eine Ziindung im Spannungsmaximum der Arbeitskondensatorbatterie zu erreichen, 
muss g = 19° betragen. Auf Grund der Gleichung ergibt sich fir R ein Wert von 34Q. 
Das Hochspannungssystem ist beinahe auf den Stromresonanzpunkt (wS = 1/w) 
abgestimmt. So kann nimlich der gewiinschte Phasenwinkel bei grossem Diaimpfungs- 
widerstandswert erreicht werden. Das ist deshalb nétig, um in einer Halbperiode héchtens 
eine Entladung zu bekommen. Mit der Einrichtung kénnen aber auch Entladungstypen, 
von 2 Entladungen in jedes Halbperiode erreicht werden, ebenso, wie dies J. Mika und seine 
Mitarbeiter [6] mit einer symmetrischen Funkenstrecke schon friiher fanden. In diesem 
Falle muss man nicht bloss den Widerstand R, vermindern, sondern auch den Dampfungs- 
widerstand R. Dies ist deshalb notwendig, damit sich der Kondensator C zwischen den 
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beiden Entladungen innerhalb derselben halben Periode erneut aufladen kann. Der Dimp- 
fungswiderstand des Kondensators soll dann ungefihr 1/4 des bei einfachen Entladungen 
gebrauchten betragen. Die Kontrolle der Gleichmassigkeit verschiedener Entladungsarten 
geschieht mit Hilfe des an die Abzweigung O, geschalteten Oszilloskops. 

Die Primarspule des Tesla-Transformators 7’, hat 12 Windungen, eine Lange von 400 
mm und einen Durchmesser von 120mm. Die Sekundarspule besteht aus zwei Spulen 
entgeygengesetzter Windungsrichtung zu je 130 Windungen, 60 mm Durchmesser und 200 
mm Lange. Um die gegenseitige Stérung der entgegengesetzten magnetischen Kraftfelder 
der beiden Sekundiirspulen entgegengesetzter Windungsrichtung zu verhindern, ist es 
zweckmassiger, mit zwei besonderen, in Reihe geschalteten Tesla-Transformatoren zu 
arbeiten, deren Achsen aufeinander senkrecht stehen. Die beiden Enden und der Sym- 
metriepunkt der Spule werden an die entsprechenden Elektroden durch die Kondensatoren 


Cs, und zu je 100 pF angeschlossen. 


Abb. 4. Die Skizze und Aufstellung des Hilfsfunkenstativs 


Der eine Pol der Hilfsfunkenstrecken F,, F, und F, befindet sich auf einem entsprechend 
gebauten Hilfsfunkenstativ, der andere Pol wird durch die Probeelektroden selbst gebildet. 
Die ganze Einrichtung wird durch die prinzipielle Skizze der Abb. 4 gezeigt. Die Elek- 
troden der Hilfsfunkenstrecken, sowie die Justierschrauben sind deutlich sichtbar. 

Ich danke der ungarischen Postversuchsanstalt fiir die Hilfe bei der Messung einiger 
elektrischen Daten des Funkenerzeugers. Diese Messungen haben die Herren Ingenieure 
J. MotxdAr und L. HorvAru durchgefiihrt. Mit Dank bin ich auch an Herren Ingenieuren 
D. Mos6é und B. Weszprémy verpflichtet, die zam Grundgedanken des doppelten Tesla- 
Transformators und der Hilfsfunkenstrecken beigetragen haben. Schliesslich danke ich 
Herrn Facharbeiter I. Fekxere, fiir die Ausfiihrung mehrerer Bestandteile und fiir den 
Zusammenbau der Einrichtung. 
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Zusammenfassung 


Es wird ein mit Niederspannung betriebener und mit Hochfrequenz geziindeter Funkener- 
zeuger beschrieben, der mit sehr geringer Induktivitat arbeitet (1-254H). Dies wird durch 
einen besonderen Tesla-Transformator oder durch Hilfsfunkenstrecken erreicht. Die 
elektrischen Daten der Anlage werden mitgeteilt. 
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Spectrochemical Note 


Filmkassette zum Spektrographen 


Trsor TOROK und Barna WeEszPREMY 


Materialpriifungsabteilung der Matyas’ Werke und 
Institut fiir anorganische und analytische Chemie der “Eétvés Lorand”’ Universitat, Budapest 


(Received 12 May 1953) 


Summary — Film adapters for the plate holders of Zeiss Qu24 and Hilger Littrow E 478 spectro- 
graphs are described. These are provided with a perforated backing-strip for the film, through 
which suction is applied so that the films are pressed against a surface accurately matched to 
the focal plane of the instrument. The whole width of the film can be used, and lengths up to 
20 m can be inserted. 


Die Verwendung von Film an Stelle von Platten hat zahlreiche Vorteile. Er ist billiger, 
unzerbrechlich und braucht wenig Platz. Die Hauptschwierigkeit bei der spektrograph- 
ischen Anwendung ist es, die Emulsionsschicht genau in die Scharfenflache der Kamera 
zu bringen, ein Problem, das bei den starren Platten leicht zu lésen ist. Bei der uns naher 
bekannten Kassette der Firma Hilger wird der Filmstreifen auf eine feinbearbeitete Metall- 
flache von der Lage und Gestalt der Schirfenflache mit Hilfe eines angepassten Gegen- 
stiickes aufgedriickt. In der Mitte der aufliegenden Flache, in der Langsrichtung des 
Filmstreifens befindet sich ein schmaler Spalt, was den Nachteil hat, dass nur etwa 30°, 
der Fimbreite ausgeniitzt werden kénnen, da im Falle eines breiteren Spaltes sich die 
Filmmitte durchbiegt. 


Das Wesen der neuen Konstruktion 
Bei der untenbeschriebenen Kassette fiir-den Spektrograph Zeiss Qu24 wird der Filmstreifen 
auf eine Metallplatte, welche der Brennflache entsprechend gekriimmt ist, durch den 
Druck der Aussenluft angepresst. Die Metallplatte, auf welcher der Film aufliegt, ist mit 
Bohrungen versehen; der dahinterliegende geschlossene Raum wird angesaugt. Auf 
diese Weise kann die ganze Filmbreite ausgeniitzt werden. Das Prinzip verwandten wir 
auch zum Umbau der Hilger’schen Filmkassette.* 

Der Filmstreifen liegt mit der Riickseite auf der entsprechend justierten perforierten 
Metallplatte. Dies hat den scheinbaren Nachteil, dass die Justierung von der Dicke des 
Films nicht unabhangig ist. Zur Bestimmung des voraussichtlichen Fehlers haben wir 
die Dicke von insgesamt fiinf verschiedenen gebrauchlichen Agfa und Kodak Filmen 
gemessen. Es ergab sich eine durchschnittliche Dicke von 0-147 mm und eine maximale 
Abweichung von mm. Bei einem Spektrographen mittlerer Dispersion—z.B. 
Zeiss Qu24—-verursacht erst eine Verstellung von +0-05 mm eine wahrnehmbare Unscharfe 
bei den Spektralaufnahmen. Im Falle eines Spektrographen grosser Brennweite ist die 
Justierung noch weniger kritisch. Die Kasette kann also mit Filmen verschiedener 
Herkunft gebraucht werden. 


Filmkassette zum Spektrographen Zeiss Qu24 
Die Hauptteile der Kassette (Abb. 1) sind: (a) der mittlere Teil (1), in dem sich die justierte, 
perforierte Platte befindet, (6) das zur Aufbewahrung des Filmvorrats dienende gréssere 
Metallkastchen (2), das an der rechten Seite des Kasettenkérpers mit Schrauben befestigt 


* Dieses Prinzip wurde schon friiher bei Luftbildkammern verwendet, bei denen grosse Filmflachen 
plan liegen mussten. (Editor) 
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ist, (c) ein auf der linken Seite anschliessendes, den belichteten Film enthaltendes 
kleineres Kastchen (3). 

(a) Den mittleren Teil haben wir aus der Reservekassette 6 « 24 cm des Zeiss Qu24 
gefertigt. In diesem befindet sich die 35 mm breite und 0-18 mm tief eingefriste, per- 
forierte Fiihrungsplatte (4) von etwa 1-5mm Dicke (Abb. 2). Auf beiden Kanten der 
Platte ist je eine kleine Leiste fiir die Filmfiihrung mit Schrauben befestigt, die den Film 
ungefahr bis zur Halfte der Perforierung bedeckt. Die Platte ist mit drei Reihen Bohrungen 
von | mm Durchmesser versehen, die sich in 10 mm Entfernung von einander befinden. 
Die Enden der Platte stehen mit den die Filmspulen enthaltenden Kastchen durch ausge- 
friste Offnungen an den beiden Enden des Kassettenkérpers in Verbindung. Die perforierte 
Platte wird ahnlich der photographischen Platte auf die Justierschrauben (5) mit Hilfe 
der Plattenfedern gedriickt, welche sich auf der inneren Seite des Kassettendeckels (6) 
befinden. 

Vor Umbau der Kassette bestimmten wir die genaue Lage der lichtempfindlichen 
Emulsion mit Hilfe einer Messuhr. Nachdem wir den Filmstreifen in die perforierte 
Filmfiihrung eingeschoben hatten, wurde die Filmflache mit Hilfe der Justierschrauben 
den Messergebnissen entsprechend justiert. Der Rand der filmleitenden Platte sowie der 
Deckel der Kassette wurden mit in Benzol geléstem Rohgummi gedichtet. Der so entstan- 
dene geschlossene Raum wird durch einen Schlauch luftleer gesaugt, der an den Rohr- 
stutzen (7) angeschlossen wird. Dies kann mit Hilfe eines kleinen Staubsaugers oder einer 
Wasserstrahlpumpe geschehen. Zur Kontrolle des nétigen Vakuums wurde ein in der 
Flugtechnik verwendetes Signal-Manometer (O,-Wachter) (8) gebraucht. Be! entspre- 
chendem Vakuum erscheinen die hellen Signalplatten hinter den horizontalen Offnungen 
des Beobachtungsfensters. Die nétige Druckverminderung betragt etwa 30 mm Hg. 

(6) Das Metallkistchen fiir den Vorratsfilm ist zur Aufnahme von 20m Film mit 
einer Spule (9) versehen. Die Spule wird durch Federstifte gehalten, die unten und oben 
mit Randelknépfen (10) versehen sind. Mit dem unteren Knopf kann der Filmstreifen 
zurickgespult werden. Der Filmstreifen lauft tiber eine mit Zahnraditibertragung (11) 
versehene Wickeltrommel zur perforierten Fiihrungsplatte. Beim Vorschieben des Films 
um 24cm macht das gréssere Rad 2 ganze Umdrehungen. Dieses Rad ist mit einem 
Einschnitt versehen, in den eine Federzunge (12) springt. Einer Umdrehung entspricht 
12cm Film. Wenn man daher an Stelle des Kassettendeckels einen mit 12 cm langer 
Offnung versehenen Deckel legt, der das gewiinschte Wellenlangengebiet freilasst, so kann 
eine noch bessere Filmausniitzung erreicht werden. 

(c) Das Kastchen fiir den belichteten Film ist einfach. Mit Riicksicht auf den Stab der 
Kassettenfiihrung, welcher bei den alten Apparaten vom Typ Qu24 vorhanden ist, kann 
das Filmkastchen vom Kassettenkérper mit Hilfe von 2 Schrauben (13) gelést werden. Die 
etwa 3m Film aufnehmende federgebremste Spule (14) kann zum Weiterziehen des Films 
mit Hilfe eines grésseren Knopfes (15) gedreht werden. Die Federkonstruktion der Stifte 
ermoOglicht die Filmspule herauszunehmen. Auf die Spule gedrehter, belichteter Film 
kann mit Hilfe eines mit Hebel (16) versehenen Schneidemessers (Guillotine) abgeschnitten 
werden. Das Messer dient gleichzeitig zum Verschluss des kleinen Filmkiastchens. Das 
abgeschlossene Kastchen wird vom Kassettenkérper getrennt in die Dunkelkammer 
gebracht. 

Vor Beginn einer neuen Aufnahmeserie zieht man den auf der linken Seite der Film- 
kassette herausragenden Film etwas aus, und fiihrt ihn dann in die Spule des geéffneten 
Filmkastchens ein. Dann wird das gréssere Rad der filmhemmenden Zahnradiibertragung 
so eingestellt, dass die Federzunge in den Einschnitt springt. Darauf wird der Film mit 
dem Knopf der kleinen Spule etwas gespannt. Damit ist die Kassette fertig fiir die nachsten 
Aufnahmeserien. 
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Abb. 2. Riickseite des Mittelkérpers der Filmkassette. 
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Abb. 3. Umgebaute Hilger’sche Filmkassette. 
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Mit Riicksicht darauf, dass das Gewicht der Filmkassette viel grésser ist, als das Gewicht 
der Plattenkassette, fiir welche die Fihrung des Kassettenrahmens urspriinglich konstruiert 
war, wurde sie mit einem einfachen Gegengewicht entlastet. 

Die Kassette diente urspriinglich nur als Modellstiick fiir Versuchszwecke. Ihre drei- 
jahrige, taglich 16-stiindige Beniitzung bewies jedoch ihre véllige Brauchbarkeit. Bei 
einem neuen Modell ware es vielleicht nétig die Filmkassette mit einer Zahleinrichtung 
zum Anzeigen des verbrauchten Films zu versehen. 


Umbau der Hilger’schen Filmkassette 


Bei der Filmkassette der Firma Hilger wurde der schmale Ausbruch auf 24 mm verbreitert. 
Das den Film andriickende hohle Gegenstiick wurde in einer Entfernung von je 10 mm mit 
drei Einfraisungen von ungefaihr | mm Breite und | mm Tiefe in Langsrichtung versehen. 
Diese Kaniile wurden mit quergelegten Kanilen verbunden (Abb. 3). Dieses Kanal- 
system wurde durch zwei Bohrungen und anschliessende Gummischliuche leergesaugt. 
Die Druckverminderung betrug ungefahr 90 mm Hg. 

Mit Riicksicht auf das etwa 7 kg betragende Gewicht der Kassette musste auch hier 
fiir Ausbalancierung gesorgt werden, so dass die Kassettenfiihrung nur mit dem Gewicht 
einer normaless Plattenkassette in Anspruch genommen wird. 

Wir danken Herrn Feinmechaniker JANos PAtya fiir seine Hilfe bei der Konstruktion 
und Ausfiihrung der Kassette fiir den Zeiss Qu24. 


Zusammenfassung 


Es wurden Filmkassetten zum Spektrographen Zeiss Qu24 und zum Hilger Littrow-Spektro- 
graphen E 478 beschrieben. Der Filmstreifen wird durch den Druck der Aussenluft auf 
eine der Brennflache entsprechend gekriimmte Metallplatte gepresst. Die Luft hinter dem Film 
wird durch Bohrungen in der Metallplatte abgesaugt. Auf diese Weise kann die ganze Filmbreite 


ausgeniitzt werden. Die Kassette ist fur die Aufnahme von 20 m Negativfilm geeignet. 
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Annual Pittsburgh Conference 
on Analytical Chemistry and Applied Spectroscopy 


The annual Pittsburgh Conference on Analytical Chemistry and Applied Spectro- 
scopy was held from March | to 5, 1954. About 1650 conferees attended the 
meeting. Abstracts of papers presented at the meeting are as follows: 


Vacuum Ultraviolet and Ultraviolet Spectroscopy 


Vacuum ultraviolet spectroscopy: Euwarp ©. Y. Inn, Geophysics Research Directorate, Air Force 


Cambridge Research Centre, Air Research and Development Command, Cambridge 39, Mass 


A review of the more general aspects of vacuum ultraviolet spectroscopy will be presented. A 
description of techniques and experimental equipment will be given, especially recently developed 
vacuum spectrographs and monochromators. Applications of vacuum ultraviolet spectroscopy as an 
important research and analytical approach to problems in physics and chemistry will be discussed. 


Far ultraviolet spectra of unsaturated hydrocarbons: L. ©. Jones, Jr., and L. W. TayLor, Wood River 


tesearch Laboratory, Shell Oil Company, Wood River, Tl 


The far ultraviolet spectra (1700-2300 A) of 69 pure hydrocarbons have been measured either in the 
vapour or solution state with a recording vacuum spectrometer employing a |-metre grating and photo- 
electric detection. Spectra of representative paraffins, naphthenes, cyclic and noncyclic mono-olefins, 
allenes, conjugated and nonconjugated diolefins, acetylenes, benzenes, naphthalenes and other poly 
nuclear aromatics will be presented. A number of useful correlations between molecular structure and 
the position and intensities of the far ultraviolet absorption bands have been observed. The mono 
olefins all have a strong ("B) band near 1800 A. The exact position and shape of the band, but not its 
intensity, depend upon the number and configuration of the substituents. The alkyl benzenes have 
two absorption bands ('B and 'La) in this region and the intensities of both are essentially independent 
of the number and type of substituents although the position of the 'B band depends strongly upon the 
number of substituents. Integrated intensities of the 'B bands of both olefins and benzenes are identical 
in solution and vapour states 

The saturated hydrocarbons are transparent about 1800 A and thus useful as solvents. Naphthalene 
has no absorption bands in the region studied. However, the polynuclear aromatics have moderately 
intense bands whose position is largely determined by the number of condensed aromatic rings, although 
their intensities are affected by the manner of condensation 


Advances in predicting the spectra of condensed-ring systems: Joun KR. Piarr, Physics Department, 


University of Chicago 


The relations among the allowed and forbidden transitions and among the singlets and triplets in 
the excited electronic states of benzene, naphthalene and other aromatic molecules are similar to the 
relations found for the energy states of rare gas atoms. Several new molecular-orbital and free-electron 
theoretical methods permit simple but fairly accurate predictions of the way elengths and intensities of 
absorption for these molecules The way elength shifts between two isomeric ring systems, like anthra 
cene and phenanthrene, can be computed, and a start has been made on the problem of predicting 
wavelength-shifts produced by chemical substitution on the molecule. Intensity changes in certain 
bands with chemical substitution follow a simple vector rule from which we can get experimental 
information about the symmetry of the wavefunctions of the excited states 


The representation of spectrophotometric data: Hernxsrerr Jarre, The Hospital of the Rockefeller 
Institute for Medical Research, New York, N.Y 


Based upon experiences encountered in the course of a spectrophotometric study of certain halo 
chromic reactions, by means of a recording spe« trophotomete r (Cary), a general scheme has been developed 
for the representation of spectrophotometric data in a standardized form and with respect to the effects 
of a number of variables simultaneously. Various aspects of spectral representation will be illustrated 
and discussed in relation to the problems presented in collating a large mass of experimental data in 


order to obtain therefrom the significant information in the most succinct form. 
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The temperature dependence of absorbance in the ultraviolet spectra of typical organic molecules: 
V. A. Yarsorovuen, J. F. Hasxry, and W. J. Lampprn, Carbide and Carbon Chemical Co., South 
Charleston 3, W. Va. 

The variation of absorbance with temperature of the sample in the ultraviolet spectra of 15 typical 
organic compounds has been studied at increments between 5° and 33°C. The investigation has been 
limited to specimens in the liquid phase with methanol and isooctane, respectively, as diluents. 

The variation ranges from u decrease in absorbance of 0-0 per cent per degree centigrade for acetone 
to 0-75 per cent per degree C for toluene. The absorbance of 2,4-pentanedione diminishes 0-55 per cent 
per degree C in methanol but only 0-15 per cent per degree C in isooctane. Apparently, with increasing 
temperature the chelation of 2,4-pentanedione is reduced more rapidly in methanol than in isooctane. 

The temperature coefficients are determined with a Cary recording ultraviolet spectrometer. The 
quartz cells, of 100 mm optical path, are fitted with jackets through which water is circulated from a 


regulated ternperature bath. 


The use of a 50 centimetre heated gas cell in ultraviolet spectrophotometry: W. F. Hamner, Nina 


Happen, and W. M. Papecerr II, Monsanto Chemical Co., Texas City, Texas. 


A 50 em heated gas cell for use with the Cary spectrophotometer will be described. The allowable 
range of elevated temperature is from 25 to 200 C. The use of this cell in a variety of analytical appli- 


cations will be illustrated. 


Greorce D. Butter and CHar_tes W. WarreEN, Warren Electronics, Inc., 


The Warren spectracord: 
Irvington, N.J. 


The paper describes the design and development of a new ultra violet-visual spectrophotometer 
recorder for use with Beckman Model DU monochromators. Unique photometering principles with 
simplified electronic systems provide fast recording with high resolution. 

The paper discusses all phases of the development leading to commercially available production 


units and is divided into four sections: 
Inception, literature survey and target specifications. 


Design considerations and experimental results. 


3. Detail design 
4. Performance data, illustrated with curves and tables showing wavelength and photometering 


accuracy and precision, resolution, stability and speed. 


Isolation and identification of Captax accelerator in vulcanized rubber stocks: It. Fink, J. E. Fiewp, 
J. O. Core, C. R. Parks, and R. A. Hivety, The Goodyear Tire & Rubber Company, Akron, Ohno. 


The application of ultraviolet spectrophotometric and adsorption chromatographic methods has 
been found to be an effective combination in the difficult analysis of Captax accelerator in rubber stocks. 
Procedures have been developed for the separation of Captax accelerator from other ingredients 
in rubber stocks by elution chromatography using a standardized alumina adsorbent. Details of the 


procedures for the chromatographic separations are given. 
Progress of separation and identification of the Captax was determined by use of ultraviolet ad- 


If the accelerator is separated from interfering substances such as antioxidants 


sorption spectroscopy. 
and tars, ultraviolet spectroscopy offers the possibility of a sensitive and specific identification of the 
The Captax may be present in the stock as such or as a Captax derivative such as Altax or 


Captax 


Santocure 
Although quantities sufficient for identification of Captax by classical chemical methods may be 


obtained by this method of separation, as little as 0-01 gram per litre in absolute ethanol can easily 


be identified by the ultraviolet spectrophotometric method. 


Detection of antioxidants in vulcanized rubber stocks: K. A. Hivery, J. O. Coxe, C. R. Parks, J. E. 


Fieip, and R. Fink, The Goodyear Tire & Rubber Company, Akron, Ohio. 


The antioxidants were separated from the other ingredients of the acetone extract, and from one 
another by elution chromatography using a standardized alumina as the adsorbent. Details for the 


preparation of the alumina and the chromatographic separations are given. 

The antioxidants were detected in the chromatographic fractions by the use of ultraviolet spectro- 
SCOP 4 concentration of 1 mg in 100 ml. of absolute ethanol was sufficient for the identification of 
the amine type antioxidants studied. Larger amounts of the antioxidants may be separated and identified 


by melting point data or infrared analysis. 
There is no interference from stearic acid, sulphur, paraffin, or rubber extract. Pine tar offers some 
interference but the bulk of the troublesome portions of this material can be eliminated so that detections 
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in its presence can be made. Santoflex B, B.L.E. No. 25, phenyl-8-naphthylamine, and N.N. -diphenyl- 
p-phenylenediamine were studied, and the method is believed to be applicable to many other anti- 
oxidants than those investigated in this paper. 


Ultraviolet spectrophotometric determination of polymerized styrene in styrenated fatty acids: R. C. 


Hirt, R. W. Starrorp, and F. T. Kinec*, American Cyanamid Company, Stamford, Conn. 


An ultraviolet spectrophotometric method for determination of polymerized styrenes in styrenated 
fatty acids has been developed. Correction is made for the overlapping absorption of monomeric styrene 
and conjugated triene acids. The spectrophotometric method has been shown experimentally to be 
superior in both speed and accuracy to the chemical method developed by KaPreLMEIER. 


Near Infrared and Infrared Spectroscopy 
Near-infrared spectroscopy: spectral identification and analytical applications: Witsur Kaye, Research 


Laboratories, Tennessee Eastman Company, Kingsport, Tenn. 

Advances in instrumentation for near-infrared spectroscopy provide the analyst with a very useful 
tool. The literature concerning the identification of near-infrared absorption bands and their analytical 
application is surveyed. Approximate band positions and intensities are compiled in a Colthup type 
graph. Chloroform, bromoform, methylene chloride, methylene bromide, methanol, and m-toluidine 
are studied in detail. Certain of the requirements, limitations, and results distinguishing near-infrared 
spectroscopy from conventional infrared spectroscopy are discussed. 


The near infrared spectrum of the peptide group: Darwin L. Woop, Department of Physics, University 
of Michigan, Ann Arbor, Mich. 

The infrared spectra of several proteins and N-substituted amides have been studied in the region 
of overtone and combination bands (4000 to 10,000 cm-'). The effects of dilution and deuterium sub- 
stitution on the spectra of the amides, and the dichroism of the proteins will be presented. The use of 
these results in protein structure studies will be discussed. 


Near infrared dispersion of crystals: RK. M. Vanperserc and J. W. Ex.is, Department of Physics, 
University of California, Los Angeles, Calif. 

Uniaxial crystals display a dispersion of the birefringence in the near infrared, which may also 
include anomalies. Biaxial crystals having monoclinic symmetry, in addition, may have a dispersion 
of the optical symmetry axes and also anomalies in this aspect of dispersion. That is, the orientations of 
the optical symmetry axes are functions of wavelength. One of these axes always coincides with the b 
crystallographic axis and the other two lie in the symmetry plane perpendicular to b. Rotation of these 
latter two axes may occur. Rotations as great as 50° occur in the spectral region 0-6u-2-7 for gypsum, 
CaSO,.2H,0, sodium thiosulphate, Na,S,O0,.5H,O, and other sulphates, and anomalies occur at the 
water absorption bands near 1-94 and 1-44. Anomalies are present in the birefringence dispersion also 
at these wavelengths. Ice, a uniaxial hexagonal crystal and hence displaying no dispersion of the optical 
symmetry axes, does have very pronounced anomalies in its birefringence dispersion near 1-94 and 1-4. 
This fact is particulariy interesting because ice shows little, if any, dichroism in these regions. 


Design of a laboratory spectrophotometer for the near infrared: Lee Cann and B. D. Henperson, 
Beckman Instruments, Inc., South Pasadena, Calif. 

The lead sulphide cell changes some of the design parameters of the ordinary infrared spectrophoto- 
meter. The design of a new instrument based on a lead sulphide cell, for the near infrared, is discussed 
in terms of wave length scanning speeds, information modulation schemes to obtain transmittance, 
dynamic response, filtering, electronic circuits and data presentation. Compatibility with other detectors 
is considered, and the additional requirements for ultraviolet operation. Some applications are presented 
briefly. 


Infrared studies on high polymers: G. B. B. M. SurHeRLAND, Department of Physics, University of 
Michigan, Ann Arbor, Mich 


The general problem of the assignment of infrared absorption bands in high polymers to character- 
istic frequencies of the repeating unit will be discussed. The principal methods employed consist of 
(a) comparison of the spectra with those of simple model compounds containing the repeating unit, 


* Present address: Chemistry Department, Kansas State College, Manhattan, Kans. 
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(b) the use of polarized radiation on oriented specimens of the polymer and single crystals of model 
compounds, (c) the use of relevant x-ray data on the structure of the polymers, (d) the use of isotope 
effect, (e) theoretical calculations. The use of these methods will be illustrated in a wide variety of 
polymers over a very wide range of the spectrum. (2-100.) 


Infrared dichroism in single crystals of n-paraffins and in polyethylene: Samurt Krimm, Department 
of Physics, University of Michigan, Ann Arbor, Mich. 

Polarized infrared spectra have been obtained of single crystals of n-paraffins. The crystallographic 
orientation of these crystals was determined by x-ray diffraction. It was found that each of the two 
components of the 720 cm~-' band shows maximum absorption along only one of the crystallographic 
a and b axes. The bearing of this result on the nature of the interchain interactions in the crystal will 
be discussed. It will also be shown that the determination of the orientation of amorphous chains in 
oriented polyethylene is made possible by the above polarization results. 


Lorp and D. G. Rea, Spectro- 


Vibrational spectra and structures of cyclobutene and cyclobutene-d,. KR. C. 


scopy Laboratory, Massachusetts Institute of Technology, Cambridge 39, Mass. 


Infrared and Raman spectra of cyclobutene and cyclobutene-d, have been measured over the spectral 
range 250-3500 cm~'. A satisfactory vibrational analysis has been obtained from the spectra with the 
help of the Raman polarization data, infrared band contours and the product rule. The carbon ring 
appears to be planar, although the evidence is not entirely conclusive. Strain of the four-membered 
ring reduces the double-bond stretching frequency to the low value of 1566 cm~'. 


Spectroscopic identification of the deuterium exchange products of gamma-pyrone and derivatives: 
R. C. Lorp, D. W. Mayo* and W. D. Pxtiuips,** Department of Chemistry and Spectroscopy Labora- 


tory, Massachusetts Institute of Technology, Cambridge 39, Mass. 

It was found by Lorp and Pui urps (J. Am. Chem. Soc., 74, 2429 (1952)) that pyrone exchanges half 
its hydrogens with heavy water, the rate being slower the more acid the solution. No exchange occurs 
with 2,6-dimethyl pyrone, apparently indicating that the 2,6-positions are the active ones, contrary to 
expectation. However, chelidonic acid (2,6-dicarboxy pyrone) has been found to exchange in the 3,5- 
positions, and has furnished a means of preparing both 3,5-pyrone-d, and pyrone-d,. Comparison of the 
infrared and Raman spectra of 3,5-pyrone-d, prepared in this way with the product of exchange between 


pyrone and heavy water shows that exchange occurs at the 3,5-positions. 


Infrared studies of isomers of inorganic coordination compounds. I. Cis-trans-bis (glycino) platinum 
(I) and Cis- and Trans-Dichlorodiammine platinum (II): Brother Cotumpa Curran, C©.5.C., D. N. 
Sen, S. Mizusuima, and J. V. QuaGLIANO, Chemical Laboratories, University of Notre Dame, Notre 


Dame, Ind. 


The infrared spectra of potassium bromide discs of inorganic coordination isomers were investigated. 
The spectra of both CIS- and TRANS-bis (glycino) platinum (II) reveals the absence of the carbony! 
adsorption peak in the wavelength region characteristic of the C=O frequency but the presence of an 


absorption peak characteristic of the (COO)-frequency. 

This indicates that the resonance structure of the carboxylate ion is essentially maintained and that 
the bond between the central platinum ion of the complexes and the carboxylate groups is essentially 
ionic. Different behaviour of the isomers in NH,-stretching, (3-34), in NH,-deformation and carb 
oxylate ion (6-24) and in CH,-deformation and carboxylate ion (6-24 ~ 6-34) and in CH,-deformation 
frequencies (7 ~ 10) are explained on the basis of the Pt-N coordinate bond and the coupling between 
NH, and CH, frequencies. 

These data suggest that the most important bond orbitals in the glycine complexes are ds in the CIS 
and dp in the TRANS compounds. Significant differences in the spectra of these two compounds 


compared with the copper (II) complex are discussed. 

The spectra of CIS- and TRANS-dichlorodiammine platinum (II) have absorption maxima at ca. 
3 which is assigned to the N-H stretching vibration. The strongest absorption peak appears at 3-05, 
whereas in the spectrum of tetraamine platinum (II) chloride the strongest absorption peak of the 3, 
band appears at 3-204. These data indicate that the H-N vibration frequency in these coordination 
complexes decreases with increasing positive charge on the platinum atom and (therefore with increasing 
strength of the nitrogen-to-metal coordinate covalent bond). dsp* are the most important bond orbitals 


* Present address: Department of Chemistry, University of Indiana, Bloomington. 
** Present address: E. I. duPont deNemours and Co., Wilmington, Del. 
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in the ammine platinum (II) compounds. Reactions of these complexes are explained on the basis of 
the TRANS effect. 


The effect of complex ion formation on the N-H stretching frequency: J. V. Quaciiano, G. F. Svaros, 


and Brother CoLtumsBa Curran, Department of Chemistry, University of Notre Dame, Notre Dame, Ind. 


An analysis of the infrared spectra in potassium bromide discs of more than thirty-five compounds 
containing ammonia molecules or NH, groups reveals that the formation of a nitrogen-to-metal bond 
results in a decrease in the N-H stretching vibration frequency. This is in contrast to the increase in 
the N-H frequency in para-substituted anilines with increasing nitrogen-to-carbon double bond charac- 
ter. This decrease has been observed in complex ions containing ammonia, glycine, ethylenediamine 
and anthranilate ligands. The shifts in the absorption peaks attributed to N-H stretching vibrations 
increase with increasing charge on the metal ion and with increasing covalent character of the nitrogen 
to-metal bond. The N-H absorption band at longest wavelength was observed for the Co(en),*** ion. 

A comparison of the position of the high frequency peak in the spectrum of sodium anthranilate, 
2-93, with that of cupric anthranilate, 3-05, indicates that coordination is more effective than intra- 
molecular hydrogen bonding in decreasing the stretching vibration frequency of the N-H bond. 

The great majority of the complexes studied containing ethylenediamine, glycine and the anthrani 
late ion yield spectra having sharp absorption peaks in the 3 micron region, whereas those containing 
four or more ammonia molecules show broad bands in which the peaks are not clearly resolved. 


Infrared work at the fractional milligram level using a silver chloride lens beam condensing unit: Dow 


H. ANDERSON and N. B. Woopatt, Industrial Laboratory, Eastman Kodak Co., Rochester, N.Y. 


The development of a silver chloride lens beam condensing system will be reviewed as well as the 
design features of the dies used to form micro potassium bromide pellets and strips. 

The combination of the potassium bromide matrix technique and the beam condensing system as 
applied to a number of problems will be outlined to show some of the unique features of the system. 

The use of potassium bromide as a matrix or carrier in infrared work is particularly helpful when 
samples weighing less than a milligram must be examined. In addition, the ease and simplicity of the 
procedures have allowed us to replace macro techniques in many cases. The use of mineral oil in our 
laboratories has practically ceased. 


Quantitative infrared absorption spectrometry of solids with the potassium bromide pressed plate technique: 
W. R. Harp, Jr., H. Stone, and J. W. Orvos, Shell Development Company, Emeryville, Calif. 


The potassium bromide pressed plate technique for obtaining infrared absorption spectra of solid 
samples, originally described by Stimson and O'’DoNNELL* and Scueipt and Reinwein** has been 
modified and improved. About 10-20 milligrams of sample are ground, screened, and mixed thoroughly 
with spectroscopically pure, powdered potassium bromide. The mixture is pressed for 10 minutes at 
100,000 Ibs/ing in an ARL pellet press using polished dies one inch in diameter. The pellet press is 
modified to permit evacuation of the sample before pressing so that occlusion of air and subsequent 
fracturing of the plate can be prevented. With most samples it has been possible to press plates routinely 
that have a background transmission of 85 per cent or higher 


In order to apply this technique to quantitative analysis, the effects of concentration, thickness, 
and particle size were investigated. It was found that with respect to the first two variables Beer's 
Law is obeyed but that particle size variations cause changes in the observed absorptivity. Hence 
sample particle size must be carefully controlled when quantitative results are desired 

An expression has been derived for the absorption of radiation by a suspension of discrete particles, 
e.g., spheres of uniform diameter, ¢, in a KBr plate. The transmission is given by 


I 


-atl F) 


where F is the transmission of an individual sphere (averaged over the cross-section of the sphere) and 
a is the total cross-sectional area of all the spheres contained in a unit area of the traversing light beam. 
The parameter, a, can be written 


* Stimson, Mrriam and O’Donne Marie Joannes, J. Am. Chem. Soc. 74, 1805 (1952). 
** Scuerpt, U. and Remwern, H., Zeits. fur Naturforschung 76, 270 (1952). 
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where c and / are the volume fraction occupied by the spheres and the plate thickness respectively. 
The apparent linear absorptivity is therefore 


E’ 3(1 — F) 
= a 
Since the quantity, F, can be shown to be a function of the dimensions product Ed, in which E is the 
true absorptivity, the dependence of apparent absorptivity on particle size is different for absorption 
bands of different intensity. Tests of the above relationship between apparent absorptivity and particle 
size have been made and the results are in satisfactory agreement with the form of the derived expression. 


Analytical errors introduced by non-uniformity within samples: A. Srevi and H. E. Rector, Research 
Laboratories, Rohm & Haas Company, Philadelphia 37, Pa. 

In the analytical use of the general absorbance relationship (A = abc), it is ordinarily assumed that 
the transmittance of a sample depends only upon the number of absorbing units and is independent of 
their distribution in the beam. 

Imaginary samples will be discussed to illustrate the magnitude of the errors resulting from known, 
non-uniform distributions of absorbing units in the light beam. Some practical analytical problems 
in the particularly vulnerable, new field of solids spectroscopy will be related to the imaginary cases to 
show the effects of non-uniform dispersion of powders and uneven sample thickness. 


Some difficulties encountered in the use of the KBr pressed plate method: Sister Mrrtam MICHAEL 


Struson, O.P., and Patricia N. Levinske, Siena Heights College, Adrian, Mich. 
Difficulties in preparing KBr plates of suitable quality to allow for ultraviolet measurements and 
for the determination of mixtures in the infrared may be considered under the following heads: 


(a) Preparation of potassium bromide. 
(b) Sampling procedures. 
(c) Interactions between potassium bromide and the compound under investigation 


(1) before pressing, 
2) during pressing. 


Infrared analysis of chlorobenzene mixtures: I. E. Smitey, D. ANprycuuK, and N. C. ANGELOTTI, 
Research and Development Department, Diamond Alkali Co., Painesville, Ohio. 

The analysis of mixtures containing 1,2,3-trichloro, 1,2,4-trichloro, 1,2,3,4-tetrachloro, 1,2,4,5- 
tetrachloro, and pentachlorobenzene is worked out. 

The wavelengths used in the analysis are given along with the procedure. Working curves for the 
five compounds at their respective wavelengths with equations derived from these curves are presented. 

Results are given for synthetic mixtures and mixtures of unknown solutions which were analyzed 


in our laboratories. 


Infrared analysis of isomeric methylstyrene mixtures: Nixa Happen and W. F. Hamner, Monsanto 
Chemical Co., Texas City, Texas. 

An infrared method will be described for the determination of isomer distribution in o-, m- and 
p-methylstyrene mixtures. The absorption bands at 12-98, 9-50 and 8-94 microns for o-, m-, and p- 
respectively were chosen for analysis of samples of low ortho content. The strong bands at 12-98, 12-65 
and 12-15 microns were used for general analyses. Variations in sample thickness and errors from cell 
absorption were eliminated by normalization of results and use of suitable reference wavelengths. 


Group type N-H analysis of pyrrole-indole-carbazole type compounds using infrared absorption methods: 
A Pozersxy* and Ira Kukrn, Gulf Research & Development Company, Pittsburgh, Pa. 

The absorptivities for the N-H stretching frequency in the 3480 cm~' region for six compounds of 
the pyrrole-indole-carbazole type of molecules were found to be reasonably constant when expressed 
on a moles/litre basis. This forms the basis of an infrared method for the analysis of total pyrrole-indole- 
carbazole type N-H using the usual group type methods and dilute CCl, solutions. The accuracy as 
affected by the use of a group type calibration curve and by non-constancy of band position has been 
evaluated under the chosen experimental conditions. The average error using the group calibration 
curve was found to be approximately 11°, based on total N-H content. The method has been applied 
to fuel oils using a base-line technique. The application to a typival fuel oil subjected to an accelerated 
heat stability test will be discussed. 


* Now at General Electric Company, Waterford, New York. 
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Quantitative infrared functional group analysis of aryl silanes: Marvin Marcosnes and Vetmer A. 


Fasse., Department of Chemistry and Institute for Atomic Research, Iowa State College, Ames, Iowa. 


A method is described for the determination of the ratio of phenyl to p-tolyl groups in tetra-aryl 
silanes and hexa-ary! disilanes. The absorption bands used are the characteristic out-of-plane hydrogen 
bending vibrations at 12-5 microns for a p-tolyl group attached to silicon, and at 13-5 and 14-3 microns 
for a phenyl group attached to silicon. The ratio of absorbance of the p-tolyl band to the sum of the 
phenyl group bands plotted versus the group concentration ratios produces a linear analytical curve 
passing through the origin. The points for all eleven compounds of the series fall on the line within 


the precision of measurements. 


Quantitative infrared analysis of trace impurities in solids using the fractional crystallization technique— 
(The determination of catechol and resorcinol in hydroquinone): CHarLteton C. Barp, Tuomas J. 
Porro, and Hersert L. Rees, Colour Technology Division, Eastman Kodak Company, Rochester, N.Y. 


The determination by infrared spectrophotometry of small amounts of many impurities in organic 
compounds is made possible by fractional crystallization of the compound from suitably chosen solvents. 
The absorbance due to the impurities is increased as much as 100 times by increasing the concentration 
of the impurities relative to the major constituent. An example is given in which as little as 0-01% 
catechol or resorcinol was detected in samples of hydroquinone. Refinements of the spectrophotometric 


technique that improve the precision are also discussed. 


An application of calcium carbonate as an internal standard for quantitative infrared analysis: L. E. 


KvUENTZEL, Wyandotte Chemicals Corporation, Wyandotte, Mich. 


Unfavourable solubility characteristics of alkyl benzene sulphonate and sodium xylene sulphonate 
required that a quantitative analytical calibration for the analysis of mixtures of these compounds by 
infrared be set up in the solid phase. The former is a waxy or paste-like material which can not be 
dispersed in mineral oil by grinding procedures while the latter is a dry solid which can be mulled readily. 
The techniques whereby a quantitative calibration using calcium carbonate as an internal standard 


was carried out in mineral oil are described. 


Infrared spectra of coal and other carbonaceous materials: RK. A. Friepe. and J. A. Queiser, Bureau 


of Mines, Synthetic Fuels Research Branch, Bruceton, Pa. 


The infrared spectra of many coal samples have been examined. Several assignments have been 
made in addition to those in the literature (Cannon, C. G., Nature, 171, 308 (1953)). Experimental 
methods for handling the coal samples are described. Because of the interference due to minerals in 
the coal, spectra are obtained on the anthraxylon constituent instead of the whole coal. 

Bituminous anthraxylons of the same rank from various parts of the world produce very similar 
infrared spectra. Differences between coal ranks are illustrated by comparison of high volatile A, 
medium volatile, and low volatile anthraxylons. The major difference between high and low volatile 
samples is the loss from the latter spectra of bands attributed to aromatic ethers and phenols 

Substances such as coal hydrogenation asphaltene, petroleum asphalt, and Gilsonite exhibit spectra 
very similar to coal. Differences in chemical types are observed as differences in quantity rather than 
in kind. The spectra show that aromaticity decreases and paraffinicity increases in the order given above. 

Spectra of chars prepared from the thermal treatment of carbohydrates are definitely coal-like and 
thus support the theory that cellulose is a precursor of coal. 

Bruceton anthraxylon was heated under vacuum in order to investigate chemical changes with 
temperature. The residue after each heat treatment was examined spectrally. At temperatures below 
500°C the spectra showed the phenoxy band at 8-0 microns decreasing in intensity, the 3-0 micron CH 
band and the 9-75 micron aromatic ether band decreasing and finally disappearing. The intense 6-25 
micron aromatic band still persisted above 525°C. The spectral changes between low and high tem- 
perature treatments parallel the spectral differences between high and low volatile bituminous 


anthraxylons. 


The combination of infrared and ultraviolet absorption spectra in the study of the isomeric aminobenzoic 
acids: Sister Miriam Stimson, O.P., and Patricia N. Levinske, Siena Heights College, 
Adrian, Mich 

Ambiguity as to the source of the shift of the ultraviolet maximum of para-aminobenzoic acid, 
examined in ag. NaOH, can be resolved by the examination of the isomeric aminobenzoic acids and a 
series of their acid and base salts in KBr discs in the ultraviolet and infrared regions of the spectrum. 
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The type of salt formation for the three isomers can be predicted from the N-H stretching region. 


Thus, in the case of the ortho-compound, these frequencies are found even in the corresponding hydro- 
chloride, while in the case of the metaisomer such bands occur only for the sodium salt. 


Application of infrared analyzers to liquid process streams: L. E. Matey, Mine Safety Appliances Co., 
Pittsburgh 8, Pa. 

This paper deals with the application of a selective type non-dispersion infrared analyzer to the 
analysis of liquid process streams, The primary reasons for making liquid analysis, special requirements 


of sampling and procedures used in sensitizing the analyzer are discussed. 
Several typical problems are outlined and their solutions described. A specific problem concerning 
the measurement of water in alcohol is presented and a brief description of negative sensitizing techniques 


for a more difficult liquid hydrocarbon stream is also described. 


The application of the positive type infrared gas analyzer to several problems requiring high discrimination. 


Rosert L. Cuapman, Liston-Becker Instrument Co., Inc., Stamford, Conn. 


The theoretical infinite resolution of the non-dispersive infrared gas analyzer is never realized in 
actual practice due mainly to impurities in available gases and to pressure broadening. 
Of the tremendous number of applications for this type of instrument, many require the highest 


attainable resolution. 
All of the operating conditions, including source temperature, window material, cell lengths, optical 


filtering, standardizing mixtures and, in the case of a positive filter instrument, the detector charge play 


important roles in the resolution achieved for a given problem. 
Actual applications involving mixed hydrocarbons, ammonia, benzene, hydrogen cyanide and 


halogenated ethylene are discussed with due consideration for the operating conditions. 


Emission Spectroscopy and Spectrochemical Analysis 


The theory and limitations of high resolution spectroscopy, using gratings: JonHn Stronc, Laboratory 


of Astrophysics and Physical Meteorology, Johns Hopkins University, Baltimore, Md. 


A review of the theories of high resolution spectroscopy, generally, and stating several limitations 
which inhere in the practice of the art, using gratings. Trends in the production of gratings are predicted. 


Source requirements and applications for high resolution spectroscopy: J. R. McNattry, Jr., Oak Ridge 
National Laboratory, Oak Ridge, Tenn. 

This paper will discuss the effects of Doppler, Stark, pressure, and resonance broadening on resolution 
limitations by sources used in high resolution spectroscopy. In addition, some applications being made 
at the Oak Ridge National Laboratory in the fields of Zeeman effects, isotope analysis, and element 


analysis will be covered. 


A plane grating spectrograph with “order sorter” for high dispersion and resolution: Ricuarp F. Jarrece, 


Jarrell-Ash Company, 26 Farwell Street, Newtonville 60, Mass. 


A plane reflection grating in a modified Ebert mounting yields a stigmatic spectrum up to wave- 
lengths as high as 30,000 A. At such settings the higher orders can be employed to obtain dispersions 
of 0-2 to 1-0 A/mm with resolution up to 300,000, but for practical work the overlapping orders need 
to be unscrambled by employing a low dispersion prism spectrograph ahead of the slit. In one arrange- 
ment it is possible to photograph the range 2100 A to 6500 A in a single exposure at dispersions varying 
from 0-4 to 1-1 A/mm. Sample spectra are shown and practical applications suggested. 


Rosert J. and Davip RicHarpson, Bausch & Lomb Optical 


A dual grating spectrograph: 


Co., Scientific Bureau, Rochester, N.Y. 


A new grating spectrograph has been designed and built which employs two plane gratings with a 
large concave mirror to act as both collimator and camera. The two gratings may be rotated independ- 
ently to give two different spectral regions each 1000 A long on a ten inch plate each at 4 A/mm dis- 
persion. The spectra from each of the gratings may be separated on the plate by any desired amount up 
to 50 mm to allow two different plates to be used, each in its most sensitive region of the spectrum. 
The gratings may be rotated up to 45° away from the normal to give dispersions up to 0-5 A/mm. 

A new slit has been designed for this spectrograph. It has been named the step variable slit and 
combines the reproducibility of the fixed slit, with the ease of change and ease of cleaning of the variable 


slit. 
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The shutter is solenoid operated and the plate holder motion is motor driven and can be set for 
automatic double exposure prevention, the “jogging plate’’ technique, or manual operation. 

The special problems of illumination which the versatility of the dual grating spectrograph pose and 
the simple equipment that solves them will be discussed. 


Spectroscopic assay of lithium: J. K. Bropy, M. Frep, and F. 8S. Tomkins, Chemistry Division, Argonne 
National Laboratory, Lemont, Ill. 


In the procedure previously described,* uncertainties were encountered in the corrections for self- 
absorption and spurious background. Measurements were made with the large grating spectrograph 
and also with the Fabry-Perot interferometer. The intensity of the isotopic lines was recorded 
photoelectrically 


Refine:nents in the electronics and excitation of the sample have made it possible to make obser- 
vations at much lower intensity where the self-absorption is believed to be negligible. A comparison 
will be made of the results obtained at high and low intensity 


Spectrochemical determination of trace-elements in chalcopyrite and sphalerite: A. A. CuHopos and ©. W. 
BurNuHAM, Division of Geological Sciences, California Institute of Technology, Pasadena, Calif. 


A quantitative spectrochemical method has been developed by means of which 5-mg samples of 
chalcopyrite (CuFeS,) and iron rich sphalerite (ZnS) can be analyzed for their trace-element content. 
The elements sought are Ag, As, Bi, Cd, Co, Ga, Ge, In, Mn, Mo, Ni, Sb, Sn, Te. Ti and V and. exes pt 
for As, Sb and Te, their sensitivities generally are between 1 and 10 ppm. 

The sample is mixed with a base of sodium carbonate, quartz, and an internal standard and is then 
volatilized in a 10 ampere D.C. Arc, using anode excitation. Cu, Fe, and Zn are used as internal standards 
in chalcopyrite, and Cu and Zn in sphalerite. Fifty seconds after ignition of the arc the camera is ad 
vanced and the sample arced to completion. Sodium, zinc, and the other volatile elements are almost 
quantitatively volatilized during the first part of the exposure, and thereby are separated from the 
objectionably intense iron spectrum. The other elements may be determined in either part of the 
exposure 

Replicate analyses of sphalerite and chalcopyrite samples obtainable in sufficiently large quantity 
indicate a precision of — 25 per cent. 


Detection and estimation of trace elements in refractory materials: Rockweit Kenr III, Marie 
McDowna.p, J. 8. Crytzer, Raytheon Manufacturing Co., Receiving Tube Division, Newton, Mass. 
E. Preuss (Zeit. Agnew, Mineral, 3, 1940) described a method by which he greatly increased the 
sensitivity limits for the more volatile elements in rocks and minerals by using relatively large samples 
and controlling the rate at which the trace constituents were vaporized and fed to the carbon are. This 
method has been modified and extended in its use to a wider variety of refractory materials, such as 
tungsten, molybdenum, thoria, zirconia. 


The quantitative spectrographic analysis of germanium dioxide: V. A. Brorny,** L. W. Srrock, and 
T. Peters, Sylvania Electric Products, Inc., Bayside, Long Island, New York. 

Germanium dioxide used in the manufacture of semiconductor devices must be of the highest purity. 
The normal method of arcing a portion of the matrix is inadequate because the absolute limit of detection 
of any impurity is still too high 

By converting the oxide to the chloride and distilling off GeCl,, the germanium can be removed 
from its impurities which are then determined in the distillation residue. The residue is added to a fixed 
carbon matrix containing Cb,O, as an internal standard and arced in carbon electrodes with D.C. 
excitation. 

In a 10 gram GeO, sample, Ag, Be, Fe, Ga, In, Mg and Mn can be determined to 10-* weight °,; 


Al, Bi, Cd, Ni and Pb to 10-5 weight °. The average “standard deviation” for these determinations is 
approximately 10°, 


The fixed matrix has the added advantage that it can be used for quantitatively analyzing a wide 
variety of odd samples encountered in most spectrographic laboratories. 


The determination of boron and calcium in sodium chloride: D. ANorycuvuK and N. C. Ancetorrt. 
Diamond Alkali Co., Painesville, Ohio 


A spectrographic procedure for determining boron in the range of 0-0005 to 0-02 in sodium chloride 
is discussed. For CaO the probable error is + 5°; for boron it is ~ 11%. The method of excitation to 
obtain sensitivity for boron and precision for CaO is presented. 


* J. K. Bropy, M. Frep, and F. 8. Tomkins, J. Opt. Soe. Am. 42, 870(A) (1952). 
** Indicates speaker. 
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Custom made spectrographic standards: H. J. Hamsian and R. W. Loorsnovurow, Utica Drop Forge & 
Tool Corp., Utica, N.Y. 


The problem of securing adequate standards for the spectrochemical analysis of metallic samples 
is one to which no satisfactory answer has been found. 

The present method involves the process of mixing metal powders (-325 mesh) to the desired com- 
position and forming the mixture into a dise by means of a pre-sintering and hot pressing technique. 
The dises produced are approximately 1} inches in diameter, } inch thick, and weigh approximately 
250 grams. 

Although the technique of handling varies somewhat with different alloys, the only limitations to 
the method are the availability and the purity of the metal powders. 

Experience on a set of standards prepared for the analysis of the high nickel “super alloys” indicates 
that, with the proper selection of excitation conditions, satisfactory results can be obtained on either 
cast or forged material. 


Some observations on sparked craters in spectrographic samples: J. K. Hurwitz, Department of Mines 
and Technical Surveys, Ottawa, Ontario, Canada. 


During the development of a spectrographic micro-volume technique,* it was necessary to examine 
the crater shapes produced by a spark discharge on spectrographic samples. Specimens of magnesium, 
zine and cadmium were traversed and cut open to reveal the cross section of the crater. After metallo- 
graphic polishing, depth measurements were made at various distances from the centre of the crater. 
It was determined that these measurements were in agreement with theoretical calculations based on 
the assumption that the effective spark distribution was a paraboloid of revolution. Furthermore, the 
bulk volatilization rate was independent of sample speed. This volatilization rate was found to be a 
function of the material's physical properties, sample size and discharge characteristics. Thermal 
conductivity and melting point of the sample appear to be important physical properties. Results are 
discussed for a wide variety of ferrous and non-ferrous metals and alloys. 


Infrared analysis of solids by the KBr pellet technique: D. N. Incesricrson and A. Lee Smrru, Dow 


Corning Corporation, Midland, Mich. 


The KBr pressed pellet method is now used routinely in these laboratories for insoluble samples 
The technique to be described gives transparent discs one inch in diameter which may be used for quanti 
tative as well as qualitative analysis. Results of a study of optimum pressing conditions will be given, 
and some of the applications and limitations of the method will be discussed. Typical spectra will be 
shown and compared with those obtained by other methods. 


Some observations on the spectrochemical analysis of used lubricating oils: Enwarp B. Owens, U.S 
Naval Engineering Experiment Station, Annapolis, Md. 

The rotating dise or “‘Rotrode” technique has been used by several workers for the analysis of used 
lubricating oils. Some of the variables of the method are discussed including excitation source settings, 
effect of heat conduction away from analytical gap, errors due to stray sparking, Co and Cd versus 
background as internal standard, mutual effect of elements being determined, influence of additives, 
and sampling techniques. A method is presented which combines the methods of the several previous 
workers with the conclusions drawn from the investigations of the above variables. Precision data 
indicate an average standard deviation of plus or minus 7-5%. 


Analysis of lubricating oils for additive elements by emission spectrographic methods: E. L. Gunn, 
Humble Oil & Refining Co., Baytown, Texas. 


The widespread use of additive compounds by the petroleum industry in lubricating oil manufacture 


requires rapid and precise methods of analysis for control purposes in blending or for performance testing 


on field samples taken during customer use. Spectrographic methods have proven to be quite satis 
factory in routine use for these purposes. Additive barium and calcium in lubricating oils are determined 
by a carbon matrix method in which a high voltage spark is used for excitation of these elements in the 
presence of cobalt, the latter serving as an internal standard. The precision of the method for these 
elements is 6 per cent on the element and a time of about one hour is required for the analysis. The 
influence of base stock or viscosity is either minor or negligible on stocks normally tested, and the 
method is applicable either to new or to used oils. Additive phosphorus is determined in the range of 
0-01 to 0-05 per cent in finished oils by means of a porous cup technique. High voltage spark excitation 


* J. K. Hurwitz, J. Opt. Soc. Am. 42, 484 (1952). 
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is employed and zinc is added to serve both as a buffer and for an internal standard reference. The 
relative accuracy is 6 per cent and less than one hour of time is required for the analysis. The influence 


of viseosity or of the presence of other additive elements on the method are demonstrated to be negligible. 


The flame photometric determination of sodium in uranyl nitrate solutions: Wiiciam C. Jupp and 
L. P. Perxowrrtz, Knolls Atomic Power Laboratory, General Electric Company, Schenectady, N.Y. 


A rapid and convenient method for the determination of sodium in uranyl nitrate solutions is 
des« nibed 

The method consists of atomizing a uranyl nitrate solution in the oxygen-acetylene flame of the 
Beckman Model DU flame photometer and measuring the sodium light intensity against the uranium 
light background. This procedure is unique in that a solution containing 300 mg/ml. of uranium as the 
uranyl! nitrate is atomized directly, and that the technique of ‘standard addition” is employed. 

Urany! nitrate of sufficient purity to serve as a standard for this method was not available to us at 
the time this method was developed, so the “standard addition” procedure was employed. The sodium 
light intensity was measured against the uranium light background. Successively larger known amounts 
of sodium are added to individual aliquots of the sample solution and the resulting increases in intensity 
of sodium light emission are measured. The concentration of sodium in the sample solution is estimated 
from these values 

tesults obtained by this method are compared to results obtained spectrographically and it is 
shown that the algebraic per cent difference is —5°%, and the standard deviation is — 25%, In view 
of the fact that the algebraic per cent difference is close to zero when compared to the standard deviation, 
there is no essential difference bet ween the results obtained with the flame photometer and those obtained 
spectrographically 

The method is shown to be useful over the range 5 to 2000 parts of sodium to one million parts of 
uranium 


Fundamental considerations in flame photometry: Bert L. Vatieer, Department of Biology, M.LT., 
Depart ment of Medicine, H.M.S., Boston, Mass 


The achievement of high Signal-Noise ratios, sensitivity, precision, accuracy and lack of inter 
ference between different elements have been the subject of considerable controversy in flamepho 
tometry, and the factors influencing them are ill-defined. A multichannel flamephotometer has been 
devised and operated in our laboratory to elucidate these phenomena which will be illustrated by a 
discussion of the performance of this instrument. A grating was found much superior to other mono 
chrometers; the source and detector were found to be critical. At present Na, K, Ca and Mg can be 


determined simultaneousl\ 


A millimicrogram method for cobalt in biological materials: Raven E. Turers, F. 


and Jons H. Yor, The Pratt Trace Analysis Laboratory, University of Virginia, Charlottesville. Va 


The study of the occurrence and function of so-called “trace elements” in biological materials has 
been hampered by the lack of analytical chemical techniques with adequate sensitivity and precision 
Cobalt has recently received special attention because of its presence in vitamin B12. No adequate 
methods for its determination in whole blood are on record and although it is present there as part of 
vitamin B12 it has not been unequivocally detected 

A spectrochemical method has been developed whereby cobalt can be determined to a limit of 
5 millumicrograms with a precision of about 10°. By means of a concentration technique using 
Dowex-1 aniron exchange resin this method has been applied to human blood. Radioactive Co 60 and 
recovery experiments have been used to check the method and the results compare favourably with bioassay 


methods for vitamin B12 


A spectrochemical procedure of general applicability: Eowix K. Jaycox, Bell Telephone Laboratories. 
Inc., Murray Hill, N.J 


Spectroscopists have been endeavouring for years to devise a reliable semi-quantitative, or quanti 
tative spectrochemical procedure which will have universal applicability to the analysis of almost any 
material for the determination of its metallic constituents, particularly the major components, based 
on the use of a single set of standards, and one which should be capable of an accuracy of better than 

yw per cent for all determinations 

A procedure is described which fulfills most of the above requirements. By the judicious use of 
germanium dioxide as a filler, and cupric oxide and graphite as buffers, in both the samples and the 
standards, it is possible to establish a common base so that the emission lines used in the analyses are 


48 


1953/ 

yr 

Wer 

- 


Reports of Meetings 


comparable in all kinds of samples and in the standards. The method utilizes powdered samples, but 
metals, liquids and metal-organic materials can be readily converted to a powdered salt or oxide. Once 
standard curves of concentration versus some function of the intensity of the line of the element to be 
determined have been established, individual samples can be analysed with moderate speed. Data 
is presented to indicate the accuracy of the procedure and its near approach to general applicability. 


Quantitative spectrochemical determination of thorium in monazite: ©. V. Durra and K. J. Murata, 
Instituto de Tecnologia, Belo Horizonte, M.G., Brazil, and U.S. Geological Survey, Washington 25, D.C. 

Thorium in monazite is determined by a D.C. carbon arc method using zirconium as the internal 
standard. The analytical curve for Th 2870-413/Zr 2844-579 A is established by means of synthetic 
standards containing graduated amounts of thoria and 0-500 per cent zirconia in pegmatite base (60 
parts quartz, 40 parts microcline, and | part ferric oxide). Monazite samples are diluted 14 fold with 
pegmatite base and sufficient zirconia so that the zirconia content of the resulting mixture is also 0-500 
per cent. In addition, both the standards and the diluted monazites are mixed w ith one half their weight 
of powdered graphite. 

Approximately 25 mg of the prepared samples are arced to completion at 15-5 to 17-5 amperes. 
With the 14-fold dilution emploved, the accurate range of the method is 3 to 25 per cent thoria in the 
original monazite. The coefficient of variation for a single determination is 3-8 at the 7 per cent thoria 
level. Tests with synthetic unknowns and chemically analyzed monazites show a maximum error of 

+10 per cent of the thoria content. 


Single channel measurements in emission spectroscopy: J. H. Enns, Engineering Research Institute, 
University of Michigan, Ann Arbor, Mich 

An internal standard ratio measuring technique has been developed in which the element line and 
the internal standard line are transmitted through a common channel. That is, each of the two lines 
follows the same optical path, is detected by the same photomultiplier and recorded by the same electronic 
system. In this technique only one of the two signals can be transmitted during a given time intery al. 

Intensity fluctuations originating in the excitation source can be greatly reduced if each line is 
recorded as a ratio with respect to a third signal, in the present case a selectively filtered portion of the 
instantaneous overall radiation. The technique is such that the reference signal is effectively eliminated 
and the recorded quantity represents the element line to internal standard line ratio. 

Data will be shown illustrating desirable time of wait curves as functions of excitation parameters. 
Analytical results will be presented in which this short duration integration technique is compared 
with the conventional time to integration systems. 


Improved unitized quantometer for optical emission analysis: M. F. Hasver, E. Davipson, and H. Orr, 
Applied Research Laboratories, Glendale, Cahf 

An improved Quantometer has been developed which removes some of the limitations as to resolution, 
position, and number of spectrum lines measurable on a simultaneous basis, which are inherent in the 
1-5 Metre Production Control Quantometer 

These limits have been extended by two means. In the first place, a two metre spectrometer has 
been dey eloped to complement the 1-5 metre instrument Besides the increase in reciprocal dispersion 
from 6-0 A/mm to 5-2 A/mm, spectral range has been extended from 2000 A to 7000 A in the 1-5 metre 
instrument to 1966A to 8750A in the two metre unit. These changes allow the use of fifty or more 
multiplier phototubes in the larger instrument, as compared to @ maximum of thirty-five in the smaller. 
By using a universal type of construction, secondary slits, mirrors and phototubes can be readily re 
arranged or added, as the long-term analytical problems in the laboratory change. 

The second means has to do with changing the switching system employed in the recording console 
so that it can be modified or expanded to meet almost any immediate or future need. Channels are of 
the plug-in type and any number can be inc luded in the recording sequence. An electrometer amplifier 
and high-voltage supply have been designed for the utmost convenience in maintenance The recording 
console is compatible for use with the X-ray Quantometer as well as with the optical emission Quanto 


meter 


A new multichannel direct reading spectrograph: Frenenick Brecu, Freep A. McNattry, and Loren 
P. Neat, Jarrel-Ash Research Laboratory, Newtonville, Mass. 

A multichannel direct reading spectrograph based on the Wadsworth Mount is described. Spectra 
are displayed on two levels on each of which several fixed position exit slits and photomultipliers may 
be located. By this arrangement two detector tubes may be sited on two lines with a small wavelength 


separation without the use of optical separator elements. With the circuits employed, the signal from 
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each photomultiplier is converted to fixed amplitude pulses whose frequency is proportional to the 
signal strength. The working curve for each channel is displayed on a separate dial face the rotation of 
which from a fiduciary position may be employed when necessary to compensate for a shift of the working 
curve 

Details of the instrument and sample analyses performed with it will be discussed. 


Direct reading spectrochemical analysis with a rapid scanning spectrometer: Ricnarp K. Bren and 
Vetmer A. Fasset, Institute for Atomic Research and Department of Chemistry, lowa State College, 
Ames, Iowa. 


An approach to direct reading spectrographic analysis based on rapidly scanning the spectra past a 
single exit-slit detector assembly and electronically isolating and measuring the individual voltage pulses 
arising from the various spectral lines of interest possesses certain advantages over the conventional 
systems which employ separate exit-slit, detector assemblies for each line to be measured. The optical, 
mechanical, and electronic features* of such a rapid scanning approach will be described, and some 
results from preliminary studies on applications to direct reading analytical spectroscopy employing 
flame, d.c. arc, and a.c. spark sources will be discussed. Some possible uses of this approach to other 


multi-channel absorption or emission spectroscopic measurements will be suggested 
An incidental development of this research has led to a technique for the panoramic presentation of 
line spectra on an oscillograph screen. This should prove useful for qualitative and semiquantitative 


visual analyses in spectral regions not visible to the naked eye. 


A new recording spectrometer: W. T. Gray and V. 8S. Unperkorrier, Research Department and 
Engineering Department, Leeds & Northrup Company, Philadelphia, Pa. 

A new Recording Spectrometer will be described and records will be shown giving its performance 
characteristics 

The monochromator, which is only 30 inches long, uses a spherical mirror with an aberration- 
correcting system described by Espert in 1899. Correction is so complete that with a 3-inch wide plane 
grating having 30,000 lines per inch, a resolution greater than 50%, of theoretical is easily obtained in 
the first order visible and second order ultraviolet. The monochromator is of sturdy construction, 
designed for extreme stability and for retention of adjustments while being transported from place to 
place, thus allowing it to be used for individual applications. 

The mechanical drive system gives either continuous scanning of a spectrum or repeated scanning 
of a chosen set of lines. The latter has been particularly successful in analysis of the H/D ratio in vapour 
derived from liquid samples. Remote control of this drive is especially convenient because it allows the 
monochromator to be located in limited space near the source. 

By taking advantage of precision slits, and the detection system described in the companion paper, 
direct precise intensity measurements are made. Selection of gratings and multiplier phototubes and 
their influence on ultimate performance will be discussed. 


Detection system for the new recording spectrometer: F. H. Krantz and W. McApam, Research Depart- 
ment, Leeds & Northrup Co., Philadelphia, Pa. 


A measuring and recording system is described which is employed in the new recording spectrometer, 
and is also suitable for other spectrographic laboratory applications. Components of the system include 
a multiplier phototube as the radiation detector, a well-regulated high voltage power supply, a sensitive 
d-c amplifier having low noise and a high stability of gain and zero, a strip-chart recorder, and circuitry 
for suppressing phototube “dark currents’ and for translating the recorder zero to facilitate measure- 
ments of absorption spectra. 

Attention in this paper is focussed on performance characteristics of interest to the ultimate user. 
Included is a brief discussion of the techniques employed to obtain the exceptional stability of the 
amplifier and high voltage power supply. These techniques lead to a system in which the performance 
is limited principally by the characteristics of the multiplier phototube. 


An all-purpose spectrograph mount for extended wavelength coverage: Frep A. McNa ty, Jarrell-Ash 
Research Laboratory, Newtonville, Mass. 


Existing methods employed to extend the wavelength coverage per exposure in spectrographs are 
achieved only at the sacrifice of intensity or definition. 
An all-purpose spectrograph will be described in which a stigmatic spectrum is obtained, with 


* R. K. Bree» and V. A. Fasser, J. Opt. Soc. Am. 43, 886 (1953). 
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spectral coverage per exposure equivalent to two or more times that now available, without the sacrifice 
of speed or definition. 

Equivalent optical systems illuminate a single grating which focusses two or more sets of spectra 
on the photographic plate at any reasonable separation desired. Thus for example, a 3-4 metre Wads- 
worth type spectrograph employing this design will cover in one exposure 1800-9400 A at 5-0 A/mm 
or 1800-5600 A at 2-5 A/mm. Operations at the slit with sectors, Fabry-Perot plates, etc., may be 
performed without difficulty. 

This principle has also been applied to a direct reading spectrograph, allowing two sets of spectra 
to be spaced 24 inches apart so that two racks of photomultipliers may be placed one above the other. 

The design may be used with double-beam monochromators whether employing prism or grating 
dispersion. 


Application of the quantometer for determining minor constituents in zirconium ingots: D. M. Morri- 
MORE, Bureau of Mines, Albany, Oregon. 

A method is presented for the direct spectrographic analysis of minor constituents in zirconium 
ingots weighing up to 600 pounds by spark excitation using a Quantometer. A unique holder was devised 
to suspend the large ingots above the spark stand during excitation permitting « rapid analysis of any 
point on the surface. The determination of several impurity elements can be made at thirty separate 
points on the ingot surface in less than two hours with a standard deviation of five per cent or less. 


Determination of sodium in alumina using a two-line direct reading spectrometer: ©. TurRNeR, A. JonpRo, 


and T, Forses, Aluminium Company of America, East St. Louis, IIL. 


A rapid, accurate method for the determination of sodium in alumina in the 2-00 to 0-001% range 
will be described. The method employs D.C. arc excitation of alumina mixed with powdered graphite. 
The internal standard principle is utilized. The replacement of the photographic plate with photo 
multiplier tubes permits the use of the sodium ‘‘D” lines and a line emitted by the normal Al atom to 
be used as analytical and internal standard line respectively. Precision data show the standard deviation 
of a single determination to be 4-5% of the amount of sodium present. 

The instrument is described and the value of the method in process control analysis, specification 
analysis and in reduced analytical cost is discussed in detail. 


Dependence of spectrographic analysis line intensities on concentrations of major constituents: D. C. 
Buck* and L. W. Srrock, Sylvana Electric Products, Inc., Bayside, N.Y. 

From a study of the physics of the direct current arc discharge it is possible to formulate an explana- 
tion for the divergence of concentration calibration curve slopes to values both greater and less than 
unity, as reported by L. W. Srrock in 1952. This is explained in terms of inelastic atomic collisions, 
where excitation energy is transferred from one atom sort to another producing in the former a slope 
less than unity and in the latter a slope greater than unity. If there are many atom sorts in the arc 
stream, the slopes usually diverge only slightly from unity; but if there are only a few atom sorts, this 
divergence may be very large. In special cases the minimum concentration of an element that can be 
spectroscopically detected may be reduced by introducing an element whose atomic excitation energy 
can be transferred to the original atom sort. 


The role of an air blast at the analytical gap in point-to-plane sampling of low alloy steel: D. L. Fry 
and T. P. ScHrRErBER, Research Laboratories Division, General Motors Corporation, Detroit, Mich. 
Continuation of the project of establishing a universal quantitative spectrographic method for the 
analysis of low alloy steel led to an investigation of the air blast used at the analytical gap. Statements 
in the spectrochemical literature are extremely vague on the value of such an air blast. The experimental 
data in this report indicate that greater accuracy of analyses in a receiving inspection laboratory will be 
obtained if an air blast is used at the analytical gap for most point-to-plane analyses of low alloy steel 
using an air-interrupted source. The air blast should be omitted only when it is certain that submitted 
samples will have almost identical metallurgical history, physical size, and chemical composition. 


Scheme for the analysis of silicate rocks: Part I, spectrophotometric methods: Ross Tay.or and R. K. 
LerninGER, Geological Survey, Indiana Department of Conservation, Bloomington, Ind. 

A scheme has been devised for the analysis of silicate rocks which employs colorimetric, flame-photo- 
metric and spectrographic methods for the determination of 28 elements. 

Rock samples are crushed between cellulose acetate sheets in an F. 8. CARVER press to minus 20 mesh 
and ground to minus 100 mesh in an agate mortar. Plastic sieve holders and bolting cloth are used. 


* Indicates speaker. 
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One gram of sample is warmed overnight, with 10 ml. H,SO, and 20 ml. HF in a 400 ml, platinum dish 
with cover. After slow evaporation to 5 ml., 100 ml. of water is added; after heating the contents of the 
dish are filtered on Whatman No. 40 paper. The pH is adjusted to 1-3 to 1-8 by dissolving the precipitate 
formed upon addition of cone NH,OH with conc. H,SO,; 4 drops excess acid are added. This solution 
is diluted to 250 ml. 

Iron, titanium and phosphorus are determined using a Beckman DU Spectrophotometer with 
25 mm diameter tubes and a blue-sensitive photomultiplier tube. Iron is determined by measuring 
the absorbance at 380, of the FeCl, formed by mixing one volume of 1:9 dilution of the sample 
solution with four volumes of 1:1 HCl. Titanium is determined by measuring the absorbance at 400, 
of titanium peroxide formed by mixing equal volumes of sample solution and reagent (1, 1:1 H,SO,; 
1,H,PO,; 1,30°, H,O,; 7,H,O). Phosphorus is determined by measuring the absorbance at 430y of 
the molybdivanado-phosphorie acid complex formed by mixing five volumes of sample solution and two 
volumes of reagent (1-25 g ammonium metavanadate in 400 ml. 1:1 HNO, mixed with 50 g ammonium 
molybdate in 600ml H,O). These three procedures are based on SHaprro and Brannock (1952). 
Sodium and potassium are determined with the Beckman DU Spectrophotometer with flame-pho- 
tometer attachment. 1:9 dilutions of the sample solution are atomized into an oxygen-acetylene flame. 
Sodium is determined by observing readings at 589 (blue-sensitive photomultiplier tube); potassium 
is determined by observing readings at 767 (red-sensitive phototube). Subtractions for background 
were found superior to blank corrections. For the procedures outlined, the range in per cent are: Fe, 
0-35-25; Ti, 0-005-2-5; P, 0-003-5-0; Na and K, 0-1-10. Synthetic standards and standard samples 
were used in calibration. 

The work reported was performed in the Geochemistry Section, Geological Survey, Ind. Dept. of 
Conservation, and is reported by permission of the State Geologist. 


Scheme for the analysis of silicate rocks: Part Il, spectrographic methods: RK. K. Lernincer and Ross 


Tay or, Geological Survey, Indiana Department of Conservation, Bloomington, Ind. 


An adaptation of a spectrographic method utilizing a SrCO, matrix (KvaLnem, J. Opt. Soc. Am., 
1947; AHRENS, Spectrochimica Acta, 1951) yields values for Be, B, Ca, Co, Cr, Cu, Ge, Pb, Mg, Mn, 
Mo, Ni, Se, Sn, Y, Zr, and Al,O,/SiO,. Al,O, and SiO, are determined from the intensity ratio Al/Si 
by the mutual standard method of calculation. A Jarrell-Ash 21-foot grating spectrograph is used with 
E.S.A.2 film in the wavelength range 2300-3550 A. A mixture of one part each of sample and SrCO, 
and four parts of National SP-2 graphite is arced at 7 amp. D.C. (adjusted arc gap of 3-3 mm) for 120 sec. 
The anode sample cup is cut from National Spectrographic Special Graphite } inch diameter to form a 
cup yy inch diameter, } inch deep, with minimum wall thickness. The cathode is ~, inch diameter 
Special graphite. Intensity is controlled by a rotating sector. Strontium is the internal standard. 

4 second method allows the determination of Ba, Co, Cr, Ga, La, Mn, Ni, Se, Sr, and V. A mixture 
is made of two parts sample, one part SP-2 graphite and one part of a ferric oxide-palladium mixture 
which is varied to ensure 5°,, Fe in all final mixtures. This final mixture is arced at 10 amp. D.C. (ad 
justed are gap of 3-3 mm) for 90 sec. The anode sample cup is cut from National Spectrographic Special 
Graphite , inch diameter to form a cup ; inch diameter, } inch deep, with minimum wall thickness. 
The cathode is ¢, inch diameter Special graphite. Eastman 103-0 film is used; the wavelength range is 
3400-4650 A. Intensity is controlled by a rotating sector. Iron is the internal standard. 

For these methods, synthetic standards and standard samples were used for calibration. 

AHRENS and CANNEY have suggested the additional determinations of Cs, Rb, and Li by the variable 
internal standard method 

The work reported was performed in the Geochemistry Section, Geological Survey, Ind. Dept. of 
Conservation, and is reported by permission of the State Geologist. 


X-Ray Fluorescence Spectroscopy 


An X-ray photoelectron spectrometer with electrostatic deflection: Raven G. Sreiwwnarprt, Jr., Lehigh 


University, Bethlehem, Pa 


Previous work with the X-ray photoelectron spectrometer® was carried out using a flat 180° magnetic 
analyzer for electron velocity selection. As the need for greater precision and increased rapidity became 
greater with increased knowledge of the potentialities of the method, the realization of the limitations 
of the magnetic deflection apparatus became correspondingly more evident. These limitations resulted 
from the difficulty of operating an iron electromagnet at the low magnetic flux intensities necessary to 
analyze a beam of low-energy electrons. Replacement of the magnetic analyzer by a radial field, 127° 17’ 


* R. G. Stersnarpr, Jr., and E. J. Serrass, Anal, Chem., 23, 1585 (1951). 


> 
1953/ 
/ 
© 
at 
J 
252 


Reports of Meetings 


deflection electrostatic analyzer has resulted in considerable improvement in the operation of the X-ray 
photoelectron spectrometer. The resolution has been improved by a factor of about ten and the intensity 
has been increased by a factor of about twenty. Various other refinements have made it possible to 
decrease the time of a routine determination from about 2-4 hours to about ten minutes. Variable slit 
widths make it possible to vary the resolution by a factor of about fifteen. The instrument is currently 
being used to study intermetallic diffusion in thin layers of gold and rhodium. 


X-ray Quantometers: J. W. Kemp, J. L. Jones, and M. F. Haster, Applied Research Laboratories, 
Glendale, Calif. 


The multichannel principle, applied so successfully to direct-reading spectrochemical instruments 
in the optical emission field, has now been introduced to the X-ray field. 

Two instruments have been developed utilizing this principle. The first, termed the X-ray Research 
Quantometer, provides facilities for the use of X-ray emission and absorption analysis for a wide range 
of analytical problems encountered in the research laboratory. 

The second, the X-ray Industrial Quantometer, is designed specifically for high-speed industrial 
analysis by means of X-ray emission spectra. 

Both instruments, in providing from one to eight spectrometers with receivers, make possible the 
simultaneous measurement of from one to eight elements. This, in some cases, speeds up analysis eight- 
fold and greatly improves precision and accuracy by allowing ratio measurements at all times. The 
integrating and recording system utilized is compatible with that used in the optical emission quan- 
tometers. Thus both optical and X-ray methods can be used simultaneously for the utmost in high-speed 
analytical coverage. 

The design and performance of both of these new instruments will be discussed in detail. 


Quantitative analysis with the X-ray Quantometer: J. W. Kemp, L. E. McCrory, and M. F. Haster, 


Applied Research Laboratories, Glendale, Calif. 


The X-ray Research Quantometer described in another paper has been used to investigate a number 
of basic analytical problems particularly pertaining to principal constituent analysis. 

A number of operating procedures have been developed, based upon the use of intensity ratios, which 
allows rapid, yet accurate analyses to be made on a production basis. 

Several examples of importance to industry will be presented in detail. 


X-ray detector for Philips Multielement Spectrograph: D. ©. Mitter, North American Philips Company, 
Inc., Mount Vernon, N.Y. 


The application of a new X-ray detector for high level counting rates will be described. Preliminary 
results of the analysis of high percentage component alloys as obtained with the new Philips Multielement 
X-ray Spectrograph show the advantages of the new detector as compared to the argon-filled Geiger 
counter detector. These advantages include the capability of counting at very high counting rates and 
a substantially linear response over a wide range of counting rates. This permits direct comparison of 
low and high percentage components in a sample without the use of filters or without making a change 
of kilovoltage or milliamperage. 


The correlation between Geiger counter measurements and chemical composition in X-ray fluorescence 
analysis: Jacos SHERMAN, Philadelphia Naval Shipyard, Philadelphia, Pa. 


In order to obtain a precise correlation between Geiger counter measurements and chemical com- 


position it is necessary to adjust the measurements for an effective dead time of the counter. The methods 


for estimating the dead time using filters or two sources are not applicable for X-ray fluorescence work. 
A new method has been developed which permits a satisfactory agreement between observed and 
calculated measurements. 


Fluorescent X-ray spectrometric analysis of high temperature alloys: PHit.tir A. STro_., Westinghouse 
Electric Corporation, Materials Engineering Department, Chemical Laboratory, Pittsburgh, Pa. 

A quantitative method is described for analyzing high temperature alloys for major constituents 
by the X-Ray Fluorescent Spectrometer. Various sampling techniques are described, and precision and 
accuracy data presented. Calibration curves have been prepared for Iron, Nickel, Chromium, and Cobalt, 
using standards in which the metal content was established by wet chemical analysis. 

A sodium chloride grating crystal has been used in the determinations to date. Preliminary experi- 
ments with the lithium, fluoride and quartz grating crystals indicate that the usefulness of this analytical 
tool may be expanded by these crystals. 
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Additional notes on the analysis of Nb, and Ta ores by fluorescent X-ray spectroscopy: Wiciiam J. 


CaMPBELL and Howarp F. Cart, Bureau of Mines, College Park, Md. 


Modifications in instrumental techniques made since our report to the 1953 Conference have resulted 
in improved analyses of Cb-Ta ores by increasing sensitivity of detection and the resolution of spectra, 
and by decreasing counting errors. A detailed comparison of the results of analyses of a number of 
samples of Nb-Ta ores by chemical, by optical spectrographic, and by X-ray spectrographic methods is 
discussed in terms of reliability, applicability, and cost. 


Internal standardization in X-ray fluorescence spectrometry: Isipore Apier, U.S. Geological Survey, 
Washington 25, D.C 


The use of internal standards in X-ray spectrometry has been studied using a multiwavelength 
spectrometer built in this laboratory. It has been observed that for shorter wavelengths, such as the 
K lines of molybdenum, niobium, and zirconium, the ratio of intensities of the lines of adjacent elements 
is practically independent of matrix as long as no absorption edge intervenes. At higher wavelengths, 
such as at the K lines of iron, chromium, and manganese, the ratios of intensities of adjacent elements 
are somewhat more sensitive to the matrix, but even here a threefold variation in absolute counting 
rates causes no more than a 15 per cent change in intensity ratio. Factors such as lessened penetration 
serve to compensate for other absorption effects. 


The X-ray determination of structural modifications in ZnS phosphors: L. W. Srrock, V. A. Bropny, 


and D. C. Buck, Sylvania Electric Products, Inc., Bayside, Long Island, New York. 


Zine sulphide has been known to occur in two forms for a long time; cubic sphalerite and hexagonal 
wurtzite. Very recently a third polymorphic structure (rhombohedral) has been reported by D. C. Buck 
and L. W. Strocx. In addition, other structural modifications of ZnS have been recognized as polytypes 
derived from the hexagonal and rhombohedral polymorphs. Differentiating these various structures is 
straightforward in the case of single crystal samples. X-ray power methods must be used to identify 
them in powder phosphors, which leads to difficulty because of superpositioning of higher order reflections 
from polytypes on the lower order reflections of the simple structures. 

Rhombohedral ZnS is differentiated from the cubic modification by high resolution spectrometer 
measurements on the cubic (111) reflection, which is split into two components when the structure is 
rhombohedral. Simultaneous presence of some cubic phase adds a third component of intermediate d 
spacing, while the presence of a fourth component reveals the presence of some hexagonal phase. 

Previous workers have pointed out the difficulty of determining the hexagonal-cubic mixtures of 
ZnS due to coincidence of many of these reflections. For example, the strong cubic reflections (111), (220) 
and (311) coincide with the strong hexagonal reflections (002), (110) and (112) which limits the deter- 
mination of cubic in hexagonal to the weaker cubic lines (200), (400), (331). However, the strong re- 
flections of hexagonal, (100), (101) and (102) are still resolved when a hexagonal powder is mixed with a 
cubic powder. Since an intensity ratio is sought, there are inherent difficulties in obtaining a working 
curve from standard mixtures. 

(1) A pure hexagonal powder is difficult to prepare. 

(2) The most sensitive cubic reflections coincide with the more sensitive hexagonal reflections. 

The presence of polytypes in powders is revealed by the existence of reflections occurring in the 
region between the hexagonal reflections (100) and (101) excluding the hexagonal (002) reflection. 


Raman Spectroscopy 


Raman spectrometer assembled from available components: S. M. Davis, G. L. Rover, H. C. Lawrence, 
Analytical Chemistry Section, Caleo Chemical Division, American Cyanamid Company, Bound Brook, 
N.J., and Robert F. Stamm, Stamford Research Laboratories, American Cyanamid Company, Stamford, 
Conn. 


A photoelectric Raman recording spectrometer has been assembled from commercially available 
optical and electrical components. The performance compares favourably with other instruments on 
which data have been published 

The light source is a Toronto type mercury arc supplied by Applied Research Laboratories. The 
are controls and housing were built in our shop. The sample tubes, filter jacket, and condensing lens 
system were those described previously by one of the authors. The monochromator started with a 
Perkin-Elmer Model 12 spectrometer equipped with a 60° light flint glass prism and off axis parabola. 
The standard Littrow mirror was replaced by a plane diffraction grating whose dispersion augments 
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that of the prism. The slits were modified to correct for the curvature caused by the prism. An RCA 
1-P-21 photomultiplier was mounted inside the monochromator directly behind the exit slits. The 
standard Perkin-Elmer 13-cycle chopper and Model 81 amplifier modified to have 1, 2, 5 and 12-second 
time constants were used. The output from this is recorded on a standard L & N Speedomax recorder 
which had been modified with an automatic range changing device supplied by Warren Electronics. 

Using a 7-ml. sample, l-sec time constant, and a spectral slit width of about 10 cm~-', the 459 em~! 
line of carbon tetrachloride gave a signal : background-noise ratio of about 500: 1. Under the same 
conditions the toluene Raman spectrum showed all the lines which were resolved in the A.P.L. curve. 
Measurement of Raman to Rayleigh scattering gave values of 2 x 10-3 for the 992 cm~ line of benzene 
and 0-7 for the 1004 cm~' line of toluene. Applications for the analytical use of a Raman spectrometer 
with such performance will be discussed. 


Raman spectra of coloured substances. The existence of an optimum concentration for maximum intensity 
of scattered radiation: K. D. Fisner and E. R. Liprincorr, Department of Chemistry, Kansas State 
College, Manhattan, Kans. 


The disadvantages and advantages of using Hg 5461 A and Hg 5770-90 A lines for Raman excitation 
are compared with those for Hg 4047 A and Hg 4358 A. The techniques for obtaining spectra of coloured 
substances are described. Examples of Raman spectra of substances which partially absorb both the 
exciting and seattered radiation are given. 

The existence of an optimum concentration for obtaining the maximum intensity of scattered 
radiation for absorbing substances is illustrated with spectra of ferrocene and other compounds taken 
in suitable solvents. An experimental curve giving the relative intensity of the 1105 cm~! Raman line 
in ferrocene (taken with Hg 5461 A excitation) as a function of concentration is compared with one 
obtained from the equation 


I, = {1 — (1) 


gE extinction coefficient for scattered radiation 
E 


extinction coefficient for exciting radiation 

radius of Raman tube 

length of Raman tube 

concentration in mole/litre 

incident intensity of exciting radiation 

intensity of Raman radiation out of the Raman tube 
constant 


This equation was derived theoretically after making simplifying assumptions concerning the 
geometry of the excitation system and scattering medium. By maximizing equation (1) the following 
expression has been obtained for the optimum concentration for Raman scattering at a given wavelength. 


c (1/El) In (1 + El/E’r) 


The use and limitations of this equation are discussed. 
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Book review 


Methods for Emission Spectrochemical Analysis. American Society for Testing Materials. 
1953, Philadelphia, 300 pp., $5.15 cloth, $4.50 paper. 


This book contains four approved spectrochemical methods, for tin and its alloys, for alu- 
minium and its alloys, for zine and its alloys and for the determination of sodium and potassium 
in portland cement by flame photometry. Each of these is an approved method, three of them 
have been tested over a period of years, revised and approved. The more unusual part of the 
book is the remaining fifty-six methods, none of which are approved or issued with authority, 
thirty-four for non-ferrous metals, ten for steel and a dozen for non-metallic samples. These 
are open to criticism, many of them have been described elsewhere and are here described in a 
concise standard form, with just sufficient details to enable another spectroscopist to try the 
method for himself. Some of them may turn out to be methods which only prove useful in a 
single laboratory; if so, the Committee which sponsored the book would like to know where 
the difficulty lies. A variety of techniques are described, as light sources the arc is used thirty 
times (two thirds d.c. ares) while the spark gets twenty recommendations. Consequently the 
book may be regarded as a representative sample of industrial spectrochemical analysis in the 
U.S.A., slightly biased by the fact that most of the non-recording techniques used for routine 
control analysis are omitted; only that for aluminium and its alloys is included. 

Besides these analytical methods the book contains a most useful introductory portion. 
The “suggested practices’ for installation and safe operation of the spectrochemical laboratory 
will be read for interest rather than for guidance in other countries, but the sections on photo- 
graphic processing and on photographic photometry are extremely useful as manuals for the 
instruction of operators in spectroscopy and they could be read with profit by any analyst who 
is not satisfied with the precision attained in routine work in his laboratory. The authors have 
used both transmittancy and density in their discussion of calibration methods so that users of 
different types of densitometer can easily follow the text. 

This section is followed by one on Nomenclature, a welcome effort to improve the clarity 
of language. This is the work of a committee who have covered the field of absorption as well as 
emission spectroscopy, the influence of the Optical Society of America is strong on this com- 
mittee and physicists who dislike its terminology will be irritated by some of the proposals. 
Nevertheless the chapter is worth reading by anyone who has to read spectroscopic papers 
published in the U.S.A. for the sake of the definitions which it enumerates; and anyone who 
writes spectroscopic papers in English ought to read this chapter so as to learn the difficulties of 
clear thinking and of consistency. To take a typical definition: the Concentration Index is 
defined as that concentration of the element being determined, at which the radiant powers of 
the analytical and internal standard lines are equal. Unfortunately a British standard 
definition uses the words “index point’’ for the same quantity, and refers to the intensity of the 
lines instead of their radiant powers. The ASTM state that the terms published here are for 
information only, and are subject to further revision; it is to be hoped that readers of this review 
will respond to the invitation; the address of the Society is 1916 Race St., Philadelphia 3, Pa., 
U.S.A. 

ERNEST VAN SOMEREN 
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Near-infrared spectroscopy * 
A Review 


I. Spectral identification and analytical applications 


Kaye 
Research Laboratories, Tennessee Eastman Company, Division of Eastman Kodak Company, 


Kingsport, Tennessee 
(Received 19 April 1954) 


Summary—The near-infrared region of the spectrum contains a great wealth of spectral data 
primarily concerned with hydrogenic (CH, NH, OH) stretching vibrations. Instruments which 
are now available permit the rapid scanning of this region with sufficient signal-to-noise ratio and 
resolution for many analytical and molecular structure problems. In order to draw generalized 
conclusions regarding the origin of near-infrared absorption bands, assignments are made for 
nearly all of the overtone and combination bands of chloroform, bromoform, methylene chloride, 
and methylene bromide in the region from 0-7 to 3:5 «. The spectra of benzene, methanol, and 
m-toluidine are also examined. In the case of the haloforms, all possible combinations can be 
accounted for as resolved bands or as background absorption. The selection rules and anhar- 
monicity corrections are readily applicable to the near-infrared region. Vibrations predominantly 
localized in two molecular groups within a given molecule do not couple to produce intense 
combination bands unless they share a common atom or are connected through multiple bonds. 

A Colthup-type chart summarizing a study of the position, range, and intensity of character- 
istic absorption bands is presented along with pertinent references to the literature. Factors 
perturbing the position and intensity of bands are discussed. A formula is developed for the 
prediction of the lower limit of detectability of a compound in a mixture +s a function of com- 
ponent absorptivities and instrument noise. This limit of detectability for a number of typical 
mixtures is tabulated. Precision in the range from 0-004 to 0-5°% is possible when OH, NH, or 
CH groups can characterize the unknown. 


The relative accessibility of the near-infrared region of the spectrum to measure- 
ment makes this region attractive for analytical purposes as well as for molecular 
structure studies. With few exceptions, all of the absorption bands observed in 
the near-infrared region arise from overtones and combinations involving hydro- 
genic stretching vibrations [92]. It is the aim of this paper to identify the more 
characteristic of these bands and to illustrate the systematic trends in absorption 
that exist among related compounds. 

For instrumental and theoretical reasons the near-infrared region will be taken 
to include wavelengths from 0-7 to 3-5 uw. Since almost all of the absorption bands 
observed in this region involve the X-H stretching vibration, it is logical to consider 
this region as a unit. The main instrumental reason for this definition of near- 
infrared arises from the fact that the prism material of highest dispersion, quartz, 
also transmits acceptably within these wavelength limits [18, 29, 80, 34, 94, 96). 
Except where noted otherwise, the Beckman DK quartz spectrophotometer 


*Presented at the Conference on Analytical Chemistry and Applied Spectroscopy in Pittsburgh, 
Pennsylvania, March 3, 1954. 
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equipped with lead sulphide detector was used for collecting the original data in 
this work [59, 60]. Unfortunately, in its present state of development, this instru- 
ment does not respond well at wavelengths longer than 2-85 4; however, it is 
anticipated that future developments will extend this range. 

For reasons which will be explained later, the hydrogenic stretching vibrations 
are highly characteristic, the fundamental and overtone bands occurring at re- 
markably constant frequencies. These absorptions occur at considerably higher 
frequencies than other common fundamental absorption bands so that there is 
little ambiguity in the assignment of fundamental and overtone bands. A few of 
the combination bands may be identified from their frequencies alone but, in 
general, their identification is more difficult. Because of the smaller absorptivities 
of combination and overtone bands, sample paths must be longer than those 
required for fundamental bands. Keeping in mind that nearly all of the near- 
infrared absorption bands involve a hydrogenic stretching vibration either alone 
or in combination with some other molecular vibration, it is possible to use this 
region for analytical purposes in much the same way as the conventional 3- to 15-4 
region. In molecular structure studies, the near-infrared region is particularly 
useful through observation of the shift or perturbation of absorption bands due to 
interactions of molecular groups (hydrogen bonding). 


Experimental 

The absorption curves reproduced for the region from the visible (0-70 «) to 2-85 yu 
were obtained using the Beckman model DK spectrophotometer. A photograph of 
this instrument is shown in Fig. |. The monochromator in this instrument is 
identical with that in the Beckman DU instrument. An Eastman Kodak Co. 
Ektron (lead sulphide) cell was used as detector. This instrument records directly 
in terms of relative transmittance through a time sequential ratio recording 
principle [60]. That is, the detector alternately views the sample and reference 
cells, then plots the ratio of intensities of light beams passing through these cells. 
The slit width is operated by a servo motor to maintain a reasonably constant 
reference signal. Throughout most of the near-infrared region the instrument 
resolves sharp bands separated by 0-003 uw. At the long-wavelength limit of the 
instrument (beyond 2-8 uw) the resolution is reduced, and scattered light increases 
rapidly because of the absorption bands of quartz between 2-9 and 3-1 wu. 

The wavelength scale for this instrument was calibrated using mercury-vapour 


emission lines, water-vapour absorption bands, and interference bands from thin 


mica sheets. These interference bands were readily obtained from carefully 
cleaved mica sheets. The mica sheets were mounted on glass tubes so that they 
could be exactly repositioned in the optical path. Fig. 2 shows two sets of these 
interference bands superimposed on the spectrum of bromoform. 

Since the water-vapour spectrum consists of a copious number of sharp lines in 
the near-infrared region, this spectrum serves as an admirable measure of instru- 
ment resolution as well as for wavelength calibration. Fig. 3 illustrates this 
spectrum in the 2-6-, 1-8-, and 1-4-4 regions. This spectrum was obtained using the 
DK spectrophotometer in “manual” (single-beam energy detection) operation. 
The water vapour was that due to atmospheric absorption within the instrument. 
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Fig. 1. Photograph of the Beelsman DK spectrophotometer. 
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Near-infrared spectroscopy—I. Spectral identification and analytical applications 


The ordinate scale for the 1-9- and 1-4-4 regions was expanded automatically by 
a factor of 4 in order to increase the apparent sensitivity to these weak absorptions. 
Because of the wide variation in the intensities of near-infrared absorption 
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Fig. 2. Spectrum of bromoform, pure and diluted in carbon tetrachloride. 


bands it is desirable to superimpose spectra obtained for several different cell 
lengths or concentrations of solute on the same record. Generally this is accom- 
plished by varying the concentration of the solute in carbon tetrachloride solvent, 


HeO Vapor 
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Fig. 3. Atmospheric water-vapour absorption in the 2-6-, 1-8-, and 1-4-4 regions. 


keeping the same cell. The reference cell is then filled with pure carbon tetra- 
chloride. It is difficult to obtain and maintain carbon tetrachloride in a pure 
state since it usually contains traces of chloroform and water. Exposure of dry 
carbon tetrachloride to the air for only a few seconds results in a detectable change 
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in absorbance at the 2-7-4 water band. Eastman Spectro-grade carbon tetrachloride 
stored over phosphorus pentoxide was used in this study. 

The spectral data reported here for the region between 2-85 and 3-50 uw were 
obtained using a Perkin-Elmer model 12C spectrophotometer equipped with 
fluorite optics. Intensity data obtained with this instrument were replotted 
manually in terms of relative transmittance. This spectral region was calibrated 
using ammonia and hydrogen chloride vapour absorption bands. 


Theory of absorption 
A brief description of the theory of absorption due to molecular vibrations will 
be given here. For a more detailed discussion the reader is referred to HERZBERG’S 
treatise [53]. 
The frequency of an absorption band is dependent to a first approximation upon 
the masses of the atoms involved and the force constant of the interatomic bond in 
accordance with the classical equation for a harmonic oscillator 


k = 


where & is the force constant, y the frequency, and yw the reduced mass of atoms 
involved in the vibration. This reduced mass is defined as 


+ Mz) 


where m, and m, are the masses of the atoms in question. Since we shall be inter- 
ested mainly in the hydrogenic stretching vibrations, the reduced mass will be 
fig = m,/(1 + m,). In the study of organic chemicals the atom m, will most 
likely be carbon, nitrogen, or oxygen. The mw, values for these atomic groups will 
be 0-85, 0-87, and 0-89 respectively. Since these values are nearly alike and the 
frequency of absorption is a linear function of reduced mass, we might expect the 
CH, NH, and OH bands to be distinguishable with difficulty. However, the force 
constants holding these diatomic groups vary not only with atom m, but also with 
the type of chemical bond, such as single, double, or triple. Thus the frequency 
of absorption is determined largely by the force constant, k. In many ways this is 
fortunate, for the chemical behaviour of molecules is also a function of the force 
constant. Electronegativities have been defined in terms of the force constant 
[51, 99). The importance of force constants in studying the strength of chemical 
bonds, chemical reactions, and many physical properties has not been fully appre- 
ciated by chemists [6, 69, 93, 98). 
Anharmonicity 

If the motion of molecular groups responsible for absorption of infrared radiation 
were strictly harmonic, there would be no absorption of radiation at overtone and 
combination frequencies of fundamental vibrations. However, these molecular 
motions are no more harmonic than most other resonant vibrations in nature. As 
in the case of the pendulum, the deviations from simple harmonic motion of 
molecular groups increases with the amplitude of the oscillation, becoming very 
large as the amplitude approaches that required for dissociation of the group. 
This amplitude of molecular motion is not determined by the intensity of the 
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radiation falling upon the sample but is a function of the masses and force constants 
(as a function of displacement) of the atoms involved. Hydrogen, being the lightest 
of atoms, oscillates with large amplitude when undergoing stretching modes; 
therefore, its motion deviates quite appreciably from harmonic. It is said to 
undergo anharmonic oscillation. The restoring force acting upon the vibrating 
atoms is no longer a simple function of the displacement from the equilibrium 
separation of atoms but becomes a complex function of many dimensions. 

To a first approximation, the degree of anharmonicity of molecular motion can 
be determined by measuring the difference between the observed frequency of an 
overtone vibration and the simple multiple of the fundamental vibration 


= vv,(l — vz) (1) 


where », is the observed frequency of the ‘‘vth’’ harmonic. (The second harmonic, 
v = 2, will be the first overtone; v is sometimes called the vibrational quantum 
number). v, is the frequency of the fundamental vibration and z is a positive 
constant indicative of the anharmonicity. For CH vibrations, z is of the order of 
0-01 to 0-05 [46]. Higher order terms must be added to equation (1) if accurate 
work is being done; however, this simple formula is very useful for the prediction 
or identification of overtone and combination bands. 

Overtone and combination bands are observed in infrared spectra not only 
because of a mechanical anharmonicity of motion but also because of an electrical 
anharmonicity in the variation of dipole moment with the motion. Absorption of 
infrared radiation occurs only when the dipole moment changes during the course 
of a resonant vibration with a symmetry that corresponds to a translation of the 
molecule. A plot of dipole moment of a particular molecular group, say CH, versus 
the separation between atomic charges yields a single-valued curve having a value 
of dipole moment equal to zero at infinitely small and large values of separation. 
At some value of separation near, but not usually equal to, the equilibrium inter- 
atomic distance the dipole moment will be at a maximum value. It is important to 
note that the separation parameter involved in the dipole moment is not necessarily 
the interatomic distance but is the separation of “‘centres of gravity’ of charges 
responsible for the dipole moment [72]. In some cases there appears to be con- 
siderable discrepancy between these two values, especially where the electron cloud 
about the nucleus is strongly distorted by neighbouring atoms. An example of this 
will be discussed later. 


Identification of spectra 


The identification of fundamental, overtone, and a few combination bands may be 
readily achieved by noting the frequency of absorption, and this will suffice for 
most analytical applications. However, there are times when one desires to 
identify a combination band or obtain more detailed information concerning any 
band. If the spectrum of the material in question is not too complicated, the bands 
may be identified by the following process: 

(a) The frequencies and the assignments of the fundamental bands must be 
ascertained, usually from Raman and infrared studies reported in the literature. 

(b) If the point group to which the molecule belongs has been determined or 
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may be inferred, the symmetry of the various overtone and combination bands 
may be ascertained using Tables 31, 32, and 33 of reference [53]. 

(c) Selection rules determined by the point group will predict which of the 
symmetry types will be active in infrared absorption. The infrared-active sym- 
metry types are listed in the first three rows of Table 55 in reference [53]. Vibrations 
possessing “‘inactive’’ symmetry may be disregarded although in the liquid state 
they may absorb weakly. 

(d) Frequencies of the allowed overtone and combination bands may be 
calculated by the use of equation (1). The anharmonicity constant, x, for the XH 
stretching mode is usually the largest of these constants and can be readily deter- 
mined since the first overtone band of this vibration occurs with considerable 
intensity relative to the combination bands found at neighbouring frequencies. 
The anharmonicity values for combination bands may be extrapolated to a first 
approximation from those of the overtone bands involved. Combination bands 
arising from difference tones are improbable in the near-infrared region at room 
temperature. 

(e) Comparison of calculated with observed frequencies of absorption bands 
may be difficult if the bands are closely spaced. For linear and planar molecules, 
confirmation of band assignments may be obtained by observation of the rotational 
pattern in the absorption spectrum of the vapour. Resolution of the individual 
rotation lines is usually impossible with prism instruments, but the envelope of 
rotational lines may be ascertained in the spectrum of low-molecular-weight com- 
pounds. Two types of bands, parallel and perpendicular, may be classified de- 
pending on the axis of molecular rotation associated with a particular vibration 
relative to the principal moments of inertia of the molecule. In general, the bands 
assume two forms: one, a closely spaced, equal-intensity doublet; the other, an 
intense central Q branch frequently bounded on either side by partially resolved 
P and R branches. If the band can be identified as parallel or perpendicular, 
the symmetry type of the band may be defined and correlated with information 
obtained under section (b). 

(f) Additional confirmation of assignments may also be facilitated by noting 
intensities, band widths, concentration, and isotope effects. These observations 
apply only to specific molecular groups and will be illustrated in examples to follow. 


Perturbations 
In specific instances, additional factors may perturb or shift bands from their 
normal positions. The most-studied phase of near-infrared spectroscopy concerns 
intermolecular associations, the most familiar type being termed ‘hydrogen 
bonding” [50]. The nonsymmetrical distribution of electron and proton charges 
within molecules gives rise to strong electrostatic fields which may exert an influence 
upon neighbouring molecules. The result of this intermolecular interaction is 
association, and molecular groups strongly entering into the interaction are likely 
to exhibit marked perturbations. Such bonds will be temperature-sensitive. 
Two extreme cases may result from this interaction. In one, the interaction may 
be so strong as to be comparable to ordinary covalent bonds and result in dimer 
or polymer formation. In the other, the original covalent bond may be completely 
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broken and result in ionization. These effects may occur either within (intra) 
or between (inter) molecules. A more thorough discussion of these association 
effects will be summarized in a later paper in this series. 

The dielectric constant, D, or refractive index, n, of the medium exerts a 
definite influence upon the frequency of absorption in accordance with the formulae 


Avy D—1 n? — 


2D+1 2n?+1 


(2) 


where C, the constant of proportionality, amounts to about 0-06 [13, 58, 66, 67, 
75, 87, 91, 100, 101, 102]. There appears more theoretical justification for using 
the refractive index rather than the dielectric constant but dielectric constant 
values are more often used. These equations will prove useful in correlating shifts 
to be expected upon changing the state, temperature, or concentration of a given 
system. 

A change in state from liquid to gas produces changes in intensities due to the 
rotational freedom of the gaseous state [102]. Selection rules are more rigorously 
applicable to the gaseous state. Except for cases involving strong association, the 
shift in frequency on going from liquid to gas is usually small and accountable by 
means of the dielectric constants of the two phases. 

A change of state from liquid to solid may produce considerable change in the 
spectrum. Bands may become more complex because of coupling with lattice 
modes of the crystal [57]. With some molecules there may be a reduction in the 
number of rotational isomers, so that considerably fewer bands in the solid state 
result [3, 21). If polarized light is used (and most spectrometers polarize light to a 
degree) band intensities of solid compounds may be sensitive to direction. 

For reasons other than a change in state, absorption bands may be dependent 
upon temperature. Difference bands arise from absorption of light by molecules 
in an excited vibrational state. The number of molecules in excited states is a 
function of temperature, following the familiar Boltzmann factor, exp-(hcv,/k7') 
[71]. At room temperature only a very few molecules will be sufficiently excited 
to cause difference bands to appear in the near-infrared region. Intensity and 
position variations may also arise through the effect of temperature on dielectric 
constant and association. 

Between specific molecular groups there are a number of interactions which 
consistently lead to perturbations of position and intensity. Halogens affect the 
frequency and intensity of neighbouring CH bands if the halogen is bound to the 
same carbon atom as the hydrogen. In all of the compounds studied, the CH 
fundamental and overtone frequencies are shifted to greater frequencies from their 
normal positions and their intensities are considerably greater than those of 
similar nonhalogenated compounds. The reason for this probably lies in the electro- 
negative character of the halogen. Thus, in the case of chloroform, the normal 
distribution of valence electrons about the carbon atom is displaced toward the 
halogens. This creates a greater attraction of the carbon atom for the valence 
electrons of the hydrogen atom and a subsequent increase in the force constant 
of the CH group. This argument is similar to that proposed for the CH vibrations 
of acetylene [70]. 
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The increase in intensity of CH bands in halogenated compounds may be 
explained by the disturbance of the electron cloud about the carbon atom under 
the influence of the electronegative halogen. Thus, the dipole moment responsible 
for the absorption of the CH group (which usually amounts to 0-3 D) becomes more 
nearly equal to that of the molecule (0-95 D). The intensity of absorption for the 
stretching vibration is proportional to du/dr, or the rate of change of dipole moment 
with respect to charge displacement for the group, provided the energy of the 
vibration is largely localized in this group. If the shape of the curve representing 
dipole moment vs. charge separation and the equilibrium position of the non- 
vibrating molecule on this curve were the same for the groups being compared, 
the factor du/ér would be proportional to ua. 

Highly strained rings may perturb bands in a manner similar to that 
produced by double bonds. 

Some groups, notably the CO group, reduce the intensity of CH stretching 
overtones of neighbouring CH groups. 

The coupling of vibrational modes to produce combination bands is an im- 
portant factor. In most cases this coupling is weak if the vibrating groups do not 
possess a common atom. Thus combination bands involving the CO stretching 
vibration with the CH stretching vibration in ketones are very weak and can not 
be used for identification because the CH and CO groups do not share the same 
carbon atom. However, aldehydes and formates both possess the H—-CO— struc- 
ture, and a moderately intense band at the expected frequency (4600 cm~') is 
observed. 

Unsaturated molecules usually exhibit more compiex spectra than corre- 


sponding saturated compounds. This effect is probably due to the greater coupling 
of different vibrations in the unsaturated molecule. 


Resonance 


The near-infrared region contains many examples of Fermi resonance. Such 
resonance can occur between vibrations of the same symmetry when their unper- 
turbed frequencies are nearly alike. When resonance occurs, the two bands are 
perturbed in frequency and intensity; hence they appear well separated. If the 
resonance is close, the intensities of the two bands approximate the average of the 
unperturbed intensities [53]. If the unperturbed frequencies of the two bands are 
not quite so nearly alike, resonance may be manifested by a marked increase in 
the intensity of the weaker band but with little change in band position. 

Resonance between the fundamental (and overtone) CH stretching vibration 
with a component of the overtone of the CH bending mode is frequently observed. 
This has been studied in methyl iodide [54]. Resonance of a fundamental band 
does not seem to indicate resonance of the overtones automatically because of 
anharmonicity differences between the two vibrations. The converse is also true. 
The second, third, and fourth overtones of the dioxane CH stretching vibration 
appear to resonate strongly with the corresponding combination band of stretching 
and bending modes; hence, the result is a displacement of their normal positions 
and intensities. The fundamental and first overtone regions do not show this 
effect nearly so markedly. 
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The CH stretching region around 3-4 uv usually contains a multitude of bands of 
moderate intensity on the sides of the fundamental band. These may be seen if 
sufficient resolution is used. Such bands are readily visible on the methy] halide 
spectra in Figs. 4-7. The bands must be due to high-order combination bands 
whose intensities have been greatly augmented through resonance. In view of 
these evidences of resonance it is surprising that there are not more manifestations 
of resonance among the combination bands. 

With one exception, there does not seem to be any close correlation between 
the intensity of a combination band, say of a stretching with a bending mode, 
and the resonance between fundamental and overtone bands. This exception is 
the possible correlation between resonance and the general intensity of bands in 
the 1-2- to 1-6-u region. The combination bands in this region for unsaturated 
compounds are much less intense than corresponding bands of saturated com- 
pounds. The possibilities for resonance between stretching and bending modes 
of unsaturated compounds is less than for saturated compounds because of the 
greater frequency of the stretching mode in the unsaturated molecules. 


Spectra of individual molecules 


Although many papers have dealt with the identification and application of near- 
infrared overtone bands, not many have dealt with the assignment of more than a 
few combination bands. Recently some excellent, high-resolution studies outside 
of the photographic infrared region were made of the rotational fine structure of 
certain bands [79, 81, 103}. 

Reasonably complete assignments to the near-infrared vibration bands have 


been given for fluoroform [15, 83], 1,1,1-trifluoroethane [24], methyl iodide [54], 
and benzene [47]. In some of these assignments relatively intense bands have been 
given assignments of high-order combinations, but the more likely, lower order 
combination assignments have been ignored. 

Bromoform. Eastman white-label bromoform was redistilled in a 60-plate 
column and used for this study. The boiling range was 147-1 to 147-2°C at 735-8 
mm. The refractive index, nj’, was 1-5973. 

The near-infrared spectrum of this compound in the liquid state is reproduced 
in Fig. 4. The band assignments and “‘predicted’’ intensities drawn to a con- 
siderably compressed scale are given by the vertical lines immediately above the 
spectrum. The higher order quaternary bands are indicated by lines only because 
of the limited space. The lower order bands are identified by the numbers of the 
fundamental bands involved in the combination. The band assignments have 
included anharmonicity corrections in order to match the spectrum. Two factors, 
other than the small size of the molecule, appear responsible for the ease with 
which these bands may be identified. First, there appears to be little resonance 
between vibrations of the molecule; and second, the small number of atoms all 
connected to the same central carbon atom provides for excellent coupling of 
vibrational modes into combination bands. 

In order to provide the assignments given in Fig. 4 and Table I, the data con- 
cerning fundamental vibrations were obtained from reference [78]. The numbering 
of the bands follows that given by HERZBERG [53]. All possible combination bands 
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out to and including the quaternary terms and in a few cases to the quintary terms 
were calculated and all are included in Fig. 4 and Table I with the exception of a 
few quaternary bands that are completely overlapped by strong, lower order bands. 
The arrangement of terms in Table I is somewhat unconventional, since an attempt 
has been made to explain the presence of all possible combinations in the spectrum 
rather than to identify only the strong, well-resolved bands visible in the spectrum. 


Spectrum and assignments of bromoform. 


20 14 LZ 


— 


MICRONS 


Fig. 5. Spectrum and assignments of chloroform. 


The point group for this molecule was assumed to be C,, which allows six 
infrared-active fundamentals, three of which are doubly degenerate. Selection 
rules do not predict any infrared-inactive vibrations. Combination bands involving 
the CH stretching (v,) band with the CH bending mode (v,) are observed to be 
most intense. Aside from this observation, the intensities of the bands appear to 
decrease uniformly with the number of terms in the combination; for example, 
ternary bands are about 10 to 20 times weaker than the corresponding binary 
bands. These observations made on the low-order terms were assumed to hold 
for higher orders as well, and it is upon this basis that the vertical heights of the 
assignment lines in Fig. 4 were drawn. All of the bands were found accountable. 
No necessity for assigning bands to sublevels of upper degenerate states similar to 
that used for methyl iodide was found necessary [54]. 

In order to see the systematic trends in frequency and intensity better, the 
bands involving », and », are isolated in Table II. The anharmonicity causing 
the shift in frequency of the bands is seen to be determined largely by the stretching 
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Table I. Assignments for bromoform and chloroform 


| 
"3 
"4 
"5 
% 


Number 


Binary Combinations 


Symmetry 


PP 


CHBr, 


I obs, 
cm?/mol 


20,000 


175,000 
~175,000 


Avt 


1 

A 

1 A, 3260 68 2 3425? 170 —15? 
1 E ~3176 100 18 3295 50 6 
Ternary Combinations 

3xil A, 87ll 70 409 8666 48 454 
3x4 24,+E£ 3370 60 56 3595 ? 47 
2x1l+4 E 7037 120 185 7097 100 197 
2x1+5 E 6578 6 170 6680 3-3 155 
2x1+823 A, 6456 s 165 6549 5-4 198 
2x1+3 A, 6127 2 175 6270 1-2 180 
2 1+6 E 6028? sh. 206 6160 1-4 181 
1+2x4 A,+E£ 5255 270 69 5370 200 98 
1+2x5 4325** 4464 15 86 
1+2x2 A, 3994? s 28? 4250 500? 124 
1+2x3 A, 3430 sh. 54 3700%* 

1+2x6 A, +E 3300** 3500** 

1+445 A, +E 4796 54 4970 5 39 
1+4+4+2 E 4675 12 48 4869 23 52 
1+44+43 E 437 12 31 4558 3-7 66 
1+4+4+6 A, +E 4307 50 29 4492 sh. 23 
1+5+2 E 4220** 4430 8? 32 
1+5+3 E 3899 27 31 4145 sh. 20 
1+5+6 A, +E 3842 15 20 14 17 
1+2+3 A, 3798 ? 5 38 
1+2+6 E 3705** 3938 5 30 
1+3+6 E 3385** | 36459° 

2x4+5 24,+E£ 2950 2200? 2 3150** 

2x4+2 A,+E 2920** 3060** 


Avt 


*Data on fundamental frequencies from Ref. 
Baird NaC! spectrometer. 


**Calculated frequencies including anharmonic corrections. 


bands of lower order. 
tDifference between yobs and the single multi 


Note: sh. = shoulder; {= resonant pair. 
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78. Intensities of fundamentals from spectra made with 
These bands are masked by stronger 


ple of the fundamental vibration frequency. 


| || CHCl, 
Fundamentals* 
3040 | 3040 | ~25,000 
541 667 
222 370 
1142 1214 150,000 
668 755 >6500,000 
154 261 
2x1 A, 5917 3200 163 5907 1620 173 . 
2x4 A,+E | 2257 ? | 97 2410 ? 18 
1+4 E 4154 6200 22 ya Fi 
@ 
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Table I.—continued 


em?/mol 


Quaternary Combinations 


A, 11,325 
+ 2E 4468? 

9766 

9328 

9200 

$130 

7200** 

3350** 

2580%* 2930? 
7820 
7695 
7420 
6980** 


the 


pie 
t 4 
& 


t + 
bo 


6680** 
6615** 6800 
3460** | 3810 
3145** 3550 
5794 6030* * 
5490** 5740 
5410 sh. 5630** 
5429 f 5670 
4850°* 6150 
4490** 4760 
5225°* 5500? | 
4585** 4915 
4450** 4690 

| | 29002 | 
6330 | . | 6580 
5000 : 44 | §220 
5300 sh. 91 5640** 


4 
AW WON AWA et oe 
+ 
& 


hw 


5020 sh. 52 5350°* 
4950** 5260 
4900 sh. 45 


4 
4 
3 
3 
3 
3 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
l 
l 
l 
l 
] 
4 
l 
] 
l 
l 
1 


wo 


Quintary Combinations 


13895 02 | 1305 | 13831 

4 12407 0-2 895 12469 

2+4/4A,+E | 10820 0-1 584 11000 
| 


Ee 
CHBr, CHCl, 
Number Symmet 
17 | 822 
| 
: 3-2 | 501 
‘i 05 | 464 
09 | 402 
4 02 | 470 
: 4 | 279 
a 0-8? | 240 
; ? 27 
? 20 
0-3 229 
0-4 244 
: | \ L . 
6740** 6920 0-7 186 6 
197 
05 | 208 953/ 
50 40 
20 3 
2 98 
Z l 67 
sh. 51 
? 88 
4 sh. 79 
a 3 86 
ss sh. 18 
4°5 102 
2 85 
E 
E 6 10 
31 
5 xl 0-15 1369 
4x14 0-17 905 
3x14 0-20 548 
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vibration, v,. There appears to be some correlation between the decrease in inten- 
sity of the bands on going to higher orders and the anharmonicity similar to that 
observed by Cowan, HERZBERG, and Simua [26]. 

Usually, spectra obtained from dilute solutions in carbon tetrachloride of the 
material in question are preferred for band identification. This is especially true 


Table II. Bromoform assignment sequence of v, and », 


Number Yobs Av 


Overtones 
3040 
5917 
8711 
11325 
13,895 
1142 
2257 
3370 
4468? 


4154 
4307 
4373 
4675 
4796 
5020 
5300 
5255 
5410 
5794 
6330 
7037 
7570 
7700 
8130 
9760 
10,820 
12,407 


to to 
TT KK + 


+4 
1+ 4 
1+ 4 
1+ 4 
1+ 4 
1+ 4 
1+ 4 
1+ 2 
1+2 
1+2 
1+ 3 
3xil 
xl 
x | 
x 
x 


~ 
+ + 


x 


when intermolecular association exists between solute molecules. In the near- 
infrared region pure carbon tetrachloride does not absorb appreciably in thick- 
nesses up to 50cm. In all of the absorption curves presented here, equivalent cell 
paths of carbon tetrachloride have been used as a reference, so that no bands 
arising from impurities in the solvent appear in the spectrum. With materials 
like bromoform and chloroform, one would not expect a significant change in 
position or intensity of absorption bands other than that attributable to the 
change in dielectric constant. 

Fig. 2 shows a portion of the near-infrared absorption spectrum of bromoform 
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| 
20,000 
3200 163 | 
70 409 
3-5 835 
0-2 1305 
175,000 
| 2000 | 27 
<60 56 
| ? | 100 
Le Combinations 
) | 6200 | 28 
53/54 | 50 29 
12 31 
| 12 48 
54 
+3 | sh. 52 
+2 | sh. | 91 
| 270 69 
+6 sh. 68 
+2 sh. 71 
| 9-7 136 
| 120 185 
+2 | 0-5 193 
+5 0-3 190 | 
x 4 2-9 234 
| 55 496 
x 4 0-1 584 i 
| 0-2 895 
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in pure and diluted states. The same quantity of bromoform was used for both 
spectra, and carbon tetrachloride was used as solvent. All of the bands are observed 
to be shifted by an amount equal to that predicted for the change in dielectric 
constant (4-806 to 2-238) according to equation (2), in which the value of C is 
approximately 0-03. In addition to this small and consistent shift, there is also 
evidenced a drastic change in the intensity of several bands around 3800 cm~ 
which is difficult to explain. Intensity changes and perturbations of this type are 


Fig. 6. 


Spectrum aad assignments of methylene bromide. 


Fig. 7. 


Spectrum and assignments of methylene chloride. 


frequently found in polar compounds containing traces of water, but not at this 
frequency. Bromoform is a rather unstable compound, and it is possible that 
these new bands are due to an impurity produced on dilution. Another explanation 
is that these intensity variations and perturbations are evidences of association 
changes similar to those at 4-1 «4 observed by Buswe.L_, RopEsusa, and Roy [22]. 
If so, these bands represent a new type of absorption not adequately explained at 
present. 

Chloroform. Merck reagent-grade chloroform was redistilled in a manner 
similar to that used for bromoform. The boiling was 59-9-60-2°C at 729-2 mm. 
The refractive index, nj), was 1-4457. 

The spectrum of chloroform, illustrated in Fig. 5, is quite similar to that of 
bromoform. The intensities, listed in Table I as peak molar absorbance values, are 
somewhat greater for bromoform than for chloroform. The decrease in intensities 
of the bands with increase in vibrational quantum number (v) is about the same 
for the two molecules. Likewise, the anharmonicities are very nearly the same. 
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There was a slight difference in the manner in which the spectra for bromoform 
and chloroform were obtained. The cell length was varied in the case of bromoform, 
whereas the concentration was varied in the case of chloroform. No pronounced 
variation in the spectrum of chloroform upon dilution in carbon tetrachloride 
similar to that in bromoform (Fig. 2) was observed. Of course, there was a slight 
shift in frequencies because of the change in dielectric constant. Effects of reso- 
nance are more evident in the chloroform spectrum in the vicinity of the funda- 
mental »y, band. The most pronounced band at slightly lower frequency than the 
fundamental is probably 4v,;. Its intensity must be increased over 1000-fold 
through resonance. All of the calculated absorption bands, except one band at 
2-12 4, may be accounted for either as resolved bands or background absorption. 
The small variation in intensity with concentration around 2-70 u may be attri- 
buted to water. 

Methylene bromide. The near-infrared absorption spectrum of Eastman 
white-label methylene bromide, along with certain assignments, is shown in Fig. 6. 
Only a few of the quaternary combination bands for this compound have been 
calculated and correlated with observed bands because of the large number of 
possible terms. The introduction of the second hydrogen into the molecule greatly 
complicates the spectrum. Part of this complexity is due to the greater number 
of nondegenerate degrees of freedom of this type of molecule (point group (,,). 
Nine fundamental vibrations are possible; one of these (symmetry A,), is infrared- 
inactive. The absorption data are listed in Table III. The most striking fact 
brought out by these assignments is that the combination band, », + »,, involving 
symmetric stretching and bending modes, is absent or very weak even though it 
does not belong to the ‘forbidden’ symmetry A,. 

Numerous evidences of resonance are found. Although fundamental vibrations 
are orthogonal and therefore should not resonate, the splitting of the symmetric 
and antisymmetric CH stretching vibrations of CH, groups may be related to 
resonance. In diacetylene and tetrachloroethane, only one CH stretching vibration 
can be detected. Thus the assertion that the symmetric and antisymmetric modes 
would vibrate at the same frequency were it not for resonance is substantiated, 
since in these molecules the hydrogens are not on the same carbon atom and are 
therefore not strongly coupled. If the combination bands arise from the unper- 
turbed vibration, 1/2(y, + »,), the anharmonicity factors are not of the right 
magnitude. 

In the first-overtone region around 1-7 uw, one should expect three unequally 
spaced strong bands: 2y,, 2v,, and », + v,. Actually, four unequally spaced bands 
occur. One or more of these bands must arise from resonance with a weaker, 
neighbouring combination band. 

In the second-overtone region, four strong bands, 3y,, 3v,, 2v, + v,¢, and », + 2v., 
should be expected. In the spectrum there are shoulders to the 1-1-4 band which 
may be attributed to these bands although there are so many possibilities for 
resonance with high-order combination bands that no definite assignments can 
be made. Examination of several compounds having only CH, groups does show 
that the first-overtone region consists of three strong bands, whereas the second- 
overtone region consists of from three to five strong bands. 
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Table III. Assignments for CH,Br, 


Number Symmetry Vobs 


Fundamentals 


— 


1500 
10,000 
23,000 

> 40,000 
30,000 


sao oe te 


Combination bands 

+ g 2925 2915 

2944 2935 

2959 2950 

3011 3000 

3005 2995 

3019 3010 

3099 3090 

3120 3110 

3154 3145 

3162 3155 

3192 3185 

3239 3230 

3288 

3294 3285 

3336 3326 

3349 3340 

3388 

3382 3370 

3409 3395 

3413 3400 

3570 3540 

3567 3555 

3577 3555 

3583 3565 

3627 3615 250 sh. 
3644 3630 380 
3671 3660 sh. 
3704 

3741 3730 

3765 3750 

3801 3780 

3801 3785 

3818 3790 

3866 

3878 

3878 3865 3873 


8 4 


+! 


ocx 


2 
2 
2 
2 
2 
8 
2 
2 
2 
6 
3 
2 
l 
2 
2 
2 
2 
6 
3 
l 
2 
” 


a a> we 


alculated frequency including correction for anharmonicity. 
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| a, 2988 2500 
a, 579 

a, 174 
a, 1096 
b, 3065 

A b, 813 
be 1190 | | 
| 
VOL. 
6 

10 
56 

6 

; 
16 
5 
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—— 


—— 


om = 


+ 


+ 


—_— 


Number 


te 
4 


© 


o 


+ 


+ 


+ + xX + x 


~ 


CON SCHON SCHR ER EN ROH & 


by be 


+» 
by 


t 


3960 
3975 
4052 
4085 
4146 
4155 
4161 
4178 
4206 
4223 
4255 
4258 
4266 
4283 
4343 
4335 
4352 
4373 
4380 
4429 
4440 
4450 
4457 
4517 
4547 
4614 
4624 
4663 
4691 
4723 
4740 
4757 
4800 
4817 
4834 
4894 
4897 
4952 
4974 
4991 
5012 
5029 
5068 
5088 
5180 
5180 
5257 


5274 


3940 
3960 
4030 


4130 
4130 
4150 
4165 
4185 
4215 


4240 
4260 
4320 
4315 
4330 
4360 
4360 


4435 


4490 
4520 
4575 
4600 


4651 
4690 
4710 
4725 
4775 
4790 
4805 
4865 
4870 
4920 


4980 
5000 
5040 


5140 
5150 
5215 


5291 


Yobs 


sh. 
3959 
4020 


4085? 


sh. 
4149 
4186 
sh. 
sh. 


4247? 


4279 
4321 
sh. 
sh. 

? 


sh. 


4885 
4919 


4950 
5020 
5060 


sh. 
sh. 
5181 
sh. 


Tops cm®/mol 


86 sh. 
57 sh. 
50 


3400 


25 


36 

19 sh. 

4-5 sh. 
9 sh. 


19 sh. 


2 » 
6 4 | sh. | 32 
| | 
| 80sh. | 61 
| 
(6 | 2500 | 12 
430 sh. —8 
6 
| 
| 
| | 19 
6 4 
6 22 : 
6 | 
| | 
L. ! | | | | 7 
| | 
| 
/ | 
mz 4433 | | | 17 
sh. | 
sh. 
| sh. | 
| 4593 | | 
| 4666 | | 25 
| 46407 83? 
4766 | —26 
4717 40 
| sh. 
sh. 
sh. 
| 
| | 
17 33 
| | 
7sh. | 62 
9 9 : 
16 8 ; 
| | | 
| 34 76 
| 
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Table II 1—continued 


T 
Symmetry | 


5230 

5330 

5330 

5405 5410 


5510 5519 
5530 5583 


5710 5750 

5790 5810 
5938 
5974 
6083 
sh. 
sh. 
6254 
6489 
6545 


6575 


sh. 
sh. 
6711 
6748 
6882 


7022 


7072 


7170 
7278 
7305 
7429 
8621 
8703 
S913? 
90097 
11,351 
12,029 ? 
12,106 ? 
12,183 11,655 
12,260 11,737 


+ 4 
+ 4 
4 
+ 3 
+ 9 
3 
3 
5 
5 
5 
s 
2 
2 
2 


> 


6+7+ Ay 5263 22 33 

(6+54 A, | | 53 26 

x A, 5368 16 sh. 

6+ 2 x B, 5445 sh. 35 

1+5+ A, | 5469 

(6+5+ B, | 5545 7 26? 

+84 B, 5563 13 20 

6+8+ A, | 5640 | 

ta 1+2 x A, | 5758 | 32 8 

ne 6+2> B, | 5835 | 165 25 

2x1 A, | 5976 | 685 38 

6+ 1 B, 6053 | 740 79 

2x6 A, 6130 | 324 47 

2x1 A, | 6150 | 

1+ 6 B, 6227 | 

2x6 A, 6304 | 31 50 

2x1 A, 6555 | 2-5 sh. 66 
6615 | 3-2 70 

1+6 B, 6632 | 2-2 sh. 57? 
1+6 A, 6692 6 
2x6 A, 6709 | 953/ 
B, 6769 | 

2+ 1 B, 6789 7 sh, 78 
1+ 6 A, 6866 | 10 118 

oe 2x6 B, 6933 9 51 

2x1 Ay 7072 

B, 7146 60 124 

B, 7169 14 sh. 97 

2x6 Ay 7226 | 

a 1+6 Ay 7243 

26 B, sh. «160? 

iar 2x1 A, 22 sh. 83 

1+6 B, 27 «(133 

2x64 A, 7 86 

3x1 A, 19 343 

2x14 B, 47 «338 

Ay 4 205 

3x6 B, 2-8 186? 

A, 3-0 601 

3x 1+6 B, 

2x1+2x6 Ay 

= 3x6+1 B, 0-2 528 

4x6 Ay 0-2 523 
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Number Symmetry | Yobs | Top, om? /mol Ay 
Fundamentals | j 
1 a, | 2985 
2 a, | 1424 
3 a, 706 
4 a, 286 
5 a, 1159 
6 b, 3048 4100 
7 b, | 898 
by 1262 
9 b, 742 
2x2 A, 2848 | 2848 
2+5+4 A, 2869 | 
2+9+3 B, 2872 | 2865 
24+8+4 B, 2972 | 2965 
2x5+3 A, 3024 3015 
2+7+3 B, | 3028 | 3020 2930? 
2x7+8 B, 3058 3050 
2x5+9 B, 3060 | 3053 
2+7+9 Ay 3064 
2x2+4 A 3124 | 3115 | 
8+54+3 B, 3127 | 3120 | 
8+54+9 A, | 3163 | 
2x5+7 B, | 3216 | 3200 | 
(2 7+2 A, | 3220 | 3200 
2x8+3 A, | 3230 | 3210 | 
2x8+9 B, | 3266 | 3245 | | 
1+4 A, | 3271 | 3260 | | 
2+5+3 A, | 3289 
8+5+7 A, | 3319 | 3305 | 
(2 +5+9 B, | 3325 3310 | 
6+4 B, | 3331 3320 | 
2+8+3 B, | 3392 | 3375 | 
2x8+7 B, 3422 3400 | 
2+8+9 A, | 3428 | 3410 | | 
3x5 A, | 3477 
2+5+7 B, | 3481 | 3465 | | 
(? A, | 3554 3545 3540 38 
1+2x4 A, | 3557 | 3545 | sh. 
(? 5+8 B, | 3580 | 3570 sh. 
2x24+9 B, 3590 | 3580 | 
24 8+7 A, 3584 
6+2x4 B, 3620 | 3610 | 3615 sh. 5 
2x8+5 Ay 3683 | 
1+3 Ay 3691 | 3680 | 3690 320 l 
1+9 B, | 3727 | 3720 | 3729 250 —2 
2x5+2 A, 3742 | 3720 | 
2x24+7 B, 3746 | 3730 | 
6+3 B, 3754 | 3745 | 3755 330 —1 
3x8 B, 3786 | 3770 | 
6+9 Ay 3790 


/c 
. 
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Table I V—continued 


Number Symmetry Tog Cm™/mol 


3843 3830 2 114 
3883 3875 82 
3946 3940 510 
3948 3935 

3977 3965 

4007 

4013 4000 

4040 4025 

4076 

4110 4100 

4144 

4169 4155 

4202 4190 

4247 4235 

4232 4220 

4272 4260 

4310 

4397 4385 

4409 4395 

4430 

4433 4420 

4460 4450 4500? sh. 
4472 4460 4436 2700 
4469 4455 

4493 4480 sh. 

4496 4485 sh. 

4532 4520 sh. 

4533 4520 

4589 4570 

4596 

4625 

4652 

4688 4670 

4695 4680 

4758 4740 

4781 4765 

4844 4830 

4850 

4886 4870 

4913 4895 

4947 4925 

4953 4930 

4989 4970 

5016 

5042 5020 

5052 5030 

5105 

5115 

5145 


wry 


now 


4 
‘ 
7 

x 8 
4 

x 2 
4 
44 
4 

24 
5 
4 

+ 5 
be] 
4 

x 2 

+ 8 

» 
2 
as 

2 » 
2 
2 » 
4. 
3 +4 
2 » 
4 
3 + 
44 
9 4 
3+ 
9 + 
44 
44 
9 x 
2 » 
3 
9 

+ 3 

+9 
3 
7 

+ 3 
7 


—— = 


5 B, | 16 
| 
= A, 15 
A 1 
A, 
2 
B, | 
| 
7 B, 
| B, 14 
By 
7 A, 
A, 
A, 
| 3 A, 
A, 
9 By 1002 
it 3 B, ~40 953, 
a A, | 
5 B, 
A, 
B, 
B, 
7 B, 
= A 2 
Ay 
B, 
A 
1 
By | = 
| 
| B, 
B, 
| 
| I 
A 
B, 
A; 26 
A, | 
a 
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Table IV —continued 


Number Symmetry Yobs Toys cm? /mol 


obs 


5125 
5150 


5180 


5270 

5285 

5330 

5345 

5380 

5445 | 5435 
5500 


to ote 


5540 
5590 
5659 


o 


5810 
5840 
5970 (5907 
6033 5900 \5907 
6096 6000 6046 
6256 
6319 
6382 
6676 
6712 
6739 
6775 
6802 
6838 
6868 
6931 
6994 


7129 


+ 


to 


* 
~ 


Owes 


to 


7210? 
? 
7294 
7413 
8635 
9018 | sh. 
9081 8881? 
9144 8982? 
111,940 | 11,338 
12,003 
12,066 
12,129 
12,192 


= 


2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
l 


to bo 
os 


to 


te 
=) 
or to 
ao 


> 


| 
| 
| 
| 
| 


+ 


~ 
o 


Av 
| 5151 sh. 
By 5178 «5160 12 18 
B, 5208 | Mm | 5192 | 16 16 
| Ay 5214 | 
B, 5307 
| B 5366 22 44 
| A, 5370 
B, 5406 16 sh. 15 
A, 5469 48 34 ; 
| Ay 5509 22 4 ; 
| As 5568 
| B, 5572 5545 | 13 32 
| Bs 5631 5600 | 7 41 
B, 5671 5640 8 12 
A, 5734 
A, 7 sh. 23 
| 300 76 
A, 650 63 
ae | B | 650 126 
i | Ay | | 240 50 
| 2 A 
‘ A; | | 
A, 
| Bs 120 
| B | 90 , 
A, 
| A | 35 109 
B, | | 
| 
| | 75 
B, ll 40? 
A, | | | 
B, 43 160 
By | | 7127 | 14 (105 
A, 55 | 
Ay 95 | | 
| Bs | sh. 148? 
29 163 
| 8 | 107 
46 320 
. | Ay | 6 | 200 
: 29 | 162 
A, | 22 | 602 
; B, | | 
| B, O12 | 575 
| | 016 | 537 
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Methylene chloride. The spectrum of this compound is similar to that of 
methylene bromide and is presented in Fig. 7. The absorption data are given in 
Table IV. Differences existing between methylene chloride and methylene 
bromide are about the same as those between chloroform and bromoform. The 
symmetric CH stretching band is considerably more intense in methylene chloride 
relative to methylene bromide, and one might suppose the combination bands 
involving », to be more intense; but for some reason they are still very weak or 


MICRONS 


Fig. 8. Spectrum and assignments of benzene. 


absent. The multiple structure of the first- and second-overtone regions is also 
present although the separations between bands is not quite so large. 

Benzene. This compound furnishes a good example of the effect of high sym- 
metry on the absorption spectrum. The fundamental vibrations of benzene have 
been carefully studied by INGOLD et al. [2, 5] and others (see [53}). The bands ap- 
pearing in the 0-85- to 1-9-4 region have been studied at moderately high 
resolution by GAUTHIER [47]. The spectrum, along with assignments for the 2-8- to 
1-6-4 region is given in Fig. 8 and Table V. Baker's reagent-grade benzene was 
used. This molecule is believed to belong to point group D,,, which possesses 
high symmetry. Only a small number of vibrations are infrared-active (species 
A,,, and £,,); this is fortunate since otherwise the spectrum would be much too 
complex to interpret. The success with which the assignments can be made is a 
good confirmation of the selected point group and illustrates the value of combi- 
nation band spectra for molecular structure studies. The overtone bands are 
complex, as one should expect. Actually the first-overtone bands are overtones of 
fundamental bands which are infrared-inactive. Correspondingly the first-over- 
tones of the active fundamentals are absent but do occur as the second-overtones. 

Because of the change in symmetry of the molecule with substitution on the 
ring, care must be exercised in interpreting band perturbations of the type ob- 
served by Barcnewirz [10, 11}. These studies have shown some very interesting 
shifts of aromatic CH stretching overtones with substitution on the ring and 
correlate with some of the chemical properties. These band perturbations have 
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been observed to an even more pronounced degree in the 2-4-4 combination band 
region [61]. 

Methanol. The OH group absorbs very intensely in the near-infrared, and 
bands arising from vibrations of this group are readily identified by noting their 


Table V. Assignments for benzene 


Number 


Symmetry Yobs | Av 


845 Ey, 3666 3613 460 


1 | 53 
12 + 18 Ey, 3705 3640 iis 65 
8+5 As, 3731 3693 =| 38 
4+ 1 Ag, 3733 masked | 

7+5 | Ag, 3763 3722 370 sh. 41 
11 + 12 | 3948 3937 770 
19 + 15 Ag, 4017 | 3980 720 57 
15 +6 4047 | 3980 340 67 
(14+ 15 Ey, 4084 4050 8600 34 
112+ 2 4091 sh. 

14+ 1 4099 sh. 

15 + 10 Ey, 4157 4155 340 2 
17 +5 | Ey, 4238 4190 360 48 
12+ 17 4277 4252 310 25 
12+ 3 4425 4360 300 65 
13 + 15 c 4532 4532 430 0 
1341 4547 4570 1360 23 
16+ 5 ay 4656 4615 1110 41 
{12 + 16 “hu 4695 4642 1270 53 
115 +9 as 4695 4655 1380 40 
15 +5 “hu 6107 5920 920 187 
12+1 6161 | 5985 1600 176 


moles/ml b = cell length 
change with dilution in nonpolar solvents. Combination bands as well as the funda- 
mental and overtone bands will be perturbed to shorter wavelengths and increased 
in intensity upon dilution. This dilution effect, which is a manifestation of hydro- 
gen bonding, has been studied by numerous authors using the fundamental and 
overtone bands. Except for the work of WuLrF et al. [106], the combination bands 
involving OH vibrations have not been studied. Fig. 9, which presents the spec- 
trum of methanol pure and in carbon tetrachloride solution, clearly shows the 
bands involving the OH stretching frequency. In the pure liquid state there is 
a very high background absorption, which usually accompanies strong inter- 
molecular association. Apparently the hydrogen-bonded OH group absorbs 
strongly throughout the near-infrared region. It is interesting to note that the 
combination bands involving the CH stretching vibration with the OH stretching 
vibration are very weak, whereas the combination bands involving OH stretching 
with OH bending modes and OH stretching with CO stretching modes are strong. 
These observations bear out the general rule that stretching vibrations involving 
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different atoms do not couple well unless their frequencies are nearly alike or the 
groups are bound together through multiple bonds or rings. 
m-Toluidine. This compound has been selected as an example of a moderately 


3 


45+ Bead 


4 3X5 


N 


PQ \B 
/ 
\ | CHsOH 


\ | A-100%,L=O.lcm. 
C-100%,L=O0icm 
D- O1%.L*IO.Ocm 
E - 100%, 
| F-005%,L=2.0cm 
Solvent -CCle 
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Fig. 9. Spectrum of methanol, pure and diluted, in carbon tetrachloride. 


large molecule possessing several functional groups. The m-toluidine was re- 
distilled, and the material boiling between 76-0 and 76-2°C at 10-0 mm. (N,) was 
used. It had a refractive index, nj’, of 1-5683. As a result of the larger molecule 
(not highly symmetrical) a great many combination bands are possible. Only the 
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Fig. 10. Spectrum of m-toluidine. 


more intense bands are resolved, whereas the weaker bands of higher order result 
in an increase in background absorption. 

The most pronounced features of the m-toluidine spectrum (Fig. 10) are strong 
NH absorption bands. The symmetric and antisymmetric bands at 2-884 and 
2-93 uw are observable although scattered light in the DK instrument increases 
rapidly in this region. The 1-975-u band is an intense combination band involving 
stretching and bending modes observed in the spectra of most primary amines. 
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The first overtone of the NH band shows the effect of dilution in a manner quite 
different from that observed with hydroxy compounds. The intense 1-498-y band 
is apparently a perturbed one characteristic of the associated molecule, whereas 
the less intense 1-460-u band is the “free” band. The higher NH overtone bands 
are also unusually intense. 

The aromatic CH and aliphatic CH, bands are readily distinguishable in the 
combination band region at 2-477 and 2-31 yu respectively and in the first-overtone 
region, where three bands at 1-776, 1-747, and 1-731 uw characterize the CH, group 
and the 1-688-4 band characterizes the aromatic CH group. Perhaps the most 
distinguishable region for these bands is the second- and third-overtone regions 
at 1.2 and 0-9 uw. 


Band classification 


Many near-infrared absorption bands occur with sufficient regularity to characterize 
certain molecular groups in much the same manner as the fundamental bands in 
the 3- to 15-4 region. These characteristic bands are usually fundamental and 
overtone vibrations involving hydrogen atoms although a few combination bands 
occur with sufficient regularity to characterize molecular groups. 

Fig. 11 is a Colthup-type chart showing the positions, range, intensity, and type 
of these characterizing bands along with references to original studies of the bands. 
These values have been assigned as the result of the study by the author of over 
100 near-infrared spectra of purified organic compounds as well as compilations 
of literature values. Many of these bands have unique features which are best 
explained in the original publications. The horizontal breadth of the lines indicates 


(9 =| & (35,55,68,84 — 418,68, 84) —+.(52 
CH 30p—. 

_CH =; 250 

2 | —4{37 77) 
CH —(46) | —(46) 
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Chart of characterizing bands. 


281 


5 
is 
-CH AROM°4- 120-44, 68,84) — | —(I4,19) 
Fig. 1). 


Wiiaur Kaye 


the normal range within which the bands are usually found. Occasionally, strong 
perturbing forces (usually due to resonance) may shift the bands outside of this 
range. The numbers immediately to the left of the bars indicate average intensities 
for these bands expressed in units of cm*/mol-group and are peak (not integrated) 
values. They are subject to variation from compound to compound, but, sur- 
prisingly, they have been found constant within a factor of 2 for most of the 
compounds studied. Of course, when association occurs it is necessary to specify 
the solvent, concentration of solute, and temperature before consistent intensity 
values can be listed. In Fig. 11, intensities of the OH and NH bands, which are 
most likely to show association effects, were obtained for concentrations under 
0-5% by vol. in carbon tetrachloride. Except for a few combination bands in the 
1-8- to 2-5-4 region and the fundamental bands between 2-6 and 3-6 yw, all the 
indicated absorptions in Fig. 11 are due to overtone bands. References to some 
of the most pertinent literature articles are given at the right of the bars. 

In the case of CH,, =CH,, CH,, and NH, groups there are at least two charac- 
teristic fundamental] bands corresponding to symmetric and antisymmetric 
stretching vibrations. The overtones of these bands are also multiple. 


Group analysis 
In the case of CH groups the use of fundamental and overtone stretching bands has 
been applied to the analysis of compounds (particularly petroleum derivatives) for 
relative concentrations of molecular groups. If the mixture under investigation 


iZ Overtone Spectra 


WAN 
-CHs LHe =CHe 
Fig. 12. Chart of CH first-overtone bands. 


consists only of homologously related compounds (such as saturated hydrocarbons), 
good accuracy by this method may be obtained. The first application of this type 
was made by BRACKETT using near-infrared spectra {20}. A number of excellent 
articles on this subject have subsequently appeared [1, 24, 25, 41, 52, 55, 68, 84, 
86]. For these studies it is necessary to know the intensities of the possible bands 
arising from such groups as —CH, =CH,, =CH, —CH, at characterizing frequen- 
cies. It is necessary also to have good resolution for these studies since the bands 
will be closely spaced. COGGESHALL, using the fundamental bands, has prepared a 
type of graph which is very useful for this type of work [86, 25]. Graphs similar 
to this for overtone spectra have been prepared by GauTuier [46]. From the 
data used to prepare Fig. 11, it has been possible to prepare a somewhat more 
extensive graph of this type which is presented in Fig. 12. 
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Other analytical applications 
The possibilities of the near-infrared region for qualitative and quantatitive analysis 
certainly equal those of the visible region. The absorption curves and assignment 
charts in this paper should provide evidence of this. Application of near-infrared 
spectroscopy to any specific mixture requires a knowledge of the spectra of the 
components of the mixture. However, knowledge of characteristic bands may 
facilitate the prediction of applications. 

Two main questions concerning an analysis are: (1) can a band characteristic 
of the molecule in question be resolved? and (2) is there sufficient difference in 
absorptivities between this characteristic band and the sum of absorptivities of all 
other components at this wavelength? There are many ramifications to these 
questions, but most of them are well known to analytical spectroscopists. Both of 
these questions depend upon the characteristics of the sample and the instrument 
used. In order to aid in the prediction of the answer to the second question, let us 
consider the mathematics of absorption spectroscopy. The expression for the 
absorbance of a mixture at a particular wavelength may be taken as 


A = blac, + (3) 


where A is the absorbance, 6 the cell length, a, the absorptivity and c, the con- 
centration of the desired unknown, a, the sum of the absorptivities, and c, the 
concentration of all other components of the mixture. Assuming no interactions 
(association), equation (3) may be written: 


A = ble, (a, — @,) + a,]}, since c, = 1 — ¢, (4) 


For most types of infrared spectrophotometers the noise introduced by the instru- 
ment is independent of the relative transmission and may be expressed as d7’. 
(This is not strictly true for instruments similar to the Beckman DK spectro- 
photometer, in which the noise decreases with decreasing transmission through the 
sample. However, this will not materially change the conclusions found here for 
predicting the minimum detectable concentrations.) The relationship between 
noise expressed as transmittance, d7', and absorbance, dA, is 


dA = (dT/T) loge (5) 
Differentiation of equation 4 yields 


dA = b (a, —a,) dc (6) 


which, upon substitution in equation 5, becomes 


dT = b(a, — a,)T /log e (7) 


This formula gives us the relationship between concentration error, dc, and noise, 
dT. The value of 6 which will yield the most precise analysis may be obtained by 
further differentiation of d7'/de with respect to 5, setting the resulting equation 
equal to zero, and solving for 6. These operations give us 


= 1/(log, 10) — a,) + (8) 
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Substitution of equation (8) into equation (7) yields 


de edT [(c, + a,)/(a, a,)| (9) 

This equation predicts that, at the optimum cell length, the indeterminancy of 
calculated concentration is directly proportional to the noise, d7’, and is further 
related to the concentration range as well as the ratio of absorptivities, a,/(a, ay). 
In order to make the error, dc, as small as possible, it is necessary to minimize 
a,/(a, — a). Furthermore, if one is interested only in the minimum detectable 
concentration of component |, ¢, will become negligible with respect to a,/(a, — a4). 


Table VI. Near-infrared analytical applications 


System 


Water in hydrocarbons 


Water in alcohols 


Water in carboxylic acids 


Alcohols in hydrocarbons 
(diluted in CCl,) 


Alcohols in acids 
(diluted in ‘ly) 


Acids in hydrocarbons 


Acids in anhydrides 


Amines in hydrocarbons 


Sensitivity, 


0-004-0-02 
0-02-0-06 
0-2-0-6 


0-05-0-2 
0-035-0-08 


0-04 


0-03-0-10 
0-1-0°3 


0-2-0-5 
0-5-1-0 


0-005-0-03 
0-2-0°3 


0-5-1-0 


0-04-0-10 


Benzene in hydrocarbons 4! 0-1-0-3 
“2 0-3-0-5 


Olefins in hydrocarbons 62 0-04-0-2 


In Table VI are compiled values of de for the minimum detectability, assuming 
an instrument noise level of 1°, for a number of mixtures that have been studied. 
The last column gives the approximate concentration (of unknown in the mixture) 
which will produce a 1%, change of absorbance when the cell thickness is adjusted 
to yield a transmittance value of around 37%. 

Figures in the last column of Table VI are not presented as the lowest possible 
limit of analysis, for it is possible by means of differential techniques to lower the 
limits by another factor of 10 in favourable cases. Fortunately, the Beckman DK 
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Near-infrared spectroscopy 


instrument is ideally suited for differential analysis because of its good signal-to- 
noise ratio and low scattered light throughout most of the near-infrared region. 
The problems accompanying differential analysis will be treated in a later paper; 
however, one may note that by differential techniques it is possible to reduce the 
errors in analysis introduced by the instrument and the analysis thereby becomes 
more sensitive to changes within the sample, including the sample cell. 


Acknowledgment—The author wishes to acknowledge the assistance of Mr. Avon 
THOMPSON in preparing the spectral curves. 
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Uber die Emissionsspektroskopie organischer Substanzen mit Hilfe 
der Elektronenstossanregung in der Glimmentladung II 


H. und L. REINEBECK 


Forschungsstelle fiir Spektroskopie in der Max-Planck-Gesellschaft, Hechingen 


Summary—A survey of the results of emission spectroscopy of organic materials in the low- 
pressure discharge is given, which shows that they do not correspond, as expected, to the 
transformations between highly excited states of the molecules introduced, but instead indicate 
the fragmentation of these molecules. The fact that the electrical excitation of molecules 
breaks them into large fragments emerges as the main result of the spectroscopy of organic 
complex molecules. The main problem of interpreting these spectra is that of identifying these 
fragments. Among the possible explanations are the appearance of complex fragments and 
free radicals, and the formation of new molecules from these fragments; sometimes of 
unexpected composition. 


Die folgende Arbeit stellt eine Fortsetzung der in dieser Zeitschrift erschienenen 
Arbeit I[1] dar. Sie gibt einen kurzen, orientierenden Uberblick iiber die Resultate, 
die in den letzten Jahren auf diesem Gebiet gewonnen worden sind. 

Es liegen bisher Untersuchungen an etwa 200 verschiedenen organischen 
Molekiilen vor. Die dabei gefundenen zahlreichen Bandenspektren und Kontinua 
sind erst teilweise veréffentlicht worden. 

Als ein Hauptproblem stellte sich bei diesen Untersuchungen die Bestimmung 
der Traiger der neuen Spektren heraus; denn die Erscheinungen, die man von der 
Spektroskopie der Atome und der 2-atomigen Molekiile her im Gebiet 2000-7000 A 
zunichst erwartet hitte, sind nicht gefunden worden, nimlich Uberginge zwischen 
héher angeregten Molekiilzustanden. 

Selbst der Ubergang vom ersten angeregten Elektronenzustand zum Grund- 
zustand ist nur bei einem Teil der untersuchten Substanzen beobachtet worden 
(s. Arbeit I). Fiir einige Falle konnte auch nachgewiesen werden, dass der Uber- 
gang vom zweiten angeregten Elektronenzustand zum Grundzustand in Emission 
nicht auftritt, obgleich die Absorption eine starke Ubergangswahrscheinlichkeit 
hierfiir anzeigt. Fiir diesen Nachweis waren nur Substanzen geeignet, bei denen 
dieser 2. Ubergang noch im Beobachtungsgebiet, also bei 2 > 2000 A, liegt. 
Benutzt wurden u.a. Benzol, Naphthalin, Anthracen, Benzaldehyd, Nitrobenzol. 

Alle diese Befunde sprechen dafiir, dass man bei der Anregung von mehrato- 
migen organischen Molekiilen mit anderen energetischen Vorgingen rechnen muss 
als bei den 2-atomigen Molekiilen. 

Offensichtlich ist der Zerfall eines vielatomigen Molekiils im angeregten 
Zustand eine dominierende Eigenschaft dieser Molekiile. Das Entstehen von 
‘““Molekiilbruchstiicken” lisst zunichst eine grosse Zahl von Méglichkeiten offen, 
weil die Anregungsenergien im allgemeinen héhere Werte haben als die bekannten 
Bindungsenergien im Molekiil. Es wird eine wichtige Aufgabe der Emissions- 
spektroskopie sein, die Bruchstiicke festzulegen, die aus den angeregten Elektronen- 
zustanden eines organischen Molekiils entstehen. Die bisherigen Untersuchungen 
in der Glimmentladung haben einige Beitrige in dieser Richtung geliefert. 
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Uber die Emissionsspektroskopie organischer Substanzen 


I 


Bei der Beobachtung der neuen Spektren hat sich gezeigt, dass ihr Auftreten und 
ihre Intensitét stark abhingig sind von den benutzten Entladungsbedingungen. 
Um die einzelnen Spektren, die unter verschiedenen Bedingungen bei der gleichen 
Untersuchungssubstanz auftreten kénnen, zu isolieren, musste man erst die 
verschiedenen Anregungsbedingungen genau festlegen. Hierzu wurde eine 
Methode angewandt, die eine systematische Variation der Anregungsbedingungen 
gestattet [6]. 

Eine Untersuchung nach dieser Methode geht so vor sich, dass zunachst eine 
reine Helium-Entladung hergestellt wird (Druckbereich 0-2—-1-5 mm, Bereich 
der Stromdichte 1-10 mA/cm?). In die positive Siule dieser Entladung lisst man 
nun wenig Dampf der Untersuchungssubstanz einstrémen (Dampfdruck 
~ 0-01 mm). Der Dampfdruck wird dadurch waihrend der Aufnahme konstant 
gehalten, dass sich die Substanz in einem Bad konstanter Temperatur befindet. 
(Alkoholbad von —80°C bis + 10°C und Wasserbad von + 5° bis + 95°C ver- 
wendbar; héhere Temperaturen durch Luftheizung; tiefste Temperaturen mit 
Hilfe von fliissigem Stickstoff.) 

Zur systematischen Untersuchung einer Substanz wird nun eine Aufnahmen- 
reihe derart gemacht, dass vor jeder Aufnahme die Temperatur der Substanz 
erhoht wird, in Schritten von etwa 2° bis 5°. 

Bei der oberen Grenze des benutzten Dampfdruckes ist das Mischungsverhaltnis 
etwa 1:1 (Substanz zu Helium), bei noch héherem Dampfdruck, d.h. mehr 
Molekiile der Substanz als Heliumatome im Beobachtungsraum, andert sich in 
den meisten Fallen an den beobachteten Phinomenen nichts mehr. Der geringste 
Dampfdruck entspricht einem Mischungsverhiltnis von 1 : 30. 

Bei der systematischen Vermehrung des durch die positive Saule strémenden 
Dampfes werden auch die Anregungsbedingungen schrittweise geaindert. In der 
nahezu reinen Heliumentladung (1 : 30) werden die Molekiile mit den relativ 
héchsten Energien angeregt, waihrend sich die Entladung im sogen. ‘‘End- 
stadium” (Mischung > 1: 1) auf die organischen Molekiile eingestellt hat. In 
diesem Stadium sind die Energien der anregenden Elektronen wesentlich kleiner. 
Diese Erscheinung beruht darauf, dass die Anregungszustande und die Ionisier- 
ungsgrenze bei einer Helium-Entladung zwischen etwa 20 und 25 eV liegen, 
wihrend die entsprechenden Werte bei organischen Molekiilen wesentlich kleiner 
sind, z.B. bei Benzol ~ 5 und 9-2 eV. 

In den Emissionsspektren solcher Reihenaufnahmen kommen diese Anregungs- 
verhaltnisse dadurch zum Ausdruck, dass bei einem Mischungsverhiltnis | : 30 
das Heliumspektrum dominiert, mit steigendem Dampfdruck der Substanz 
nimmt die Intensitaét des He ab, und bei einem MischungsverhaJtnis 1 : 1 leuchtet 
nur die Untersuchungssubstanz; d.h. obwohl im Endstadium noch ebenso viele 
He-Atome wie Substanzmolekiile in der positiven Siule vorhanden sind, reichen 
die Energien in der Entladung nicht mehr aus, um das Helium anzuregen. 

Werden nun organische Substanzen mit relativ hohen Energien angeregt— 
Mischung | :30—dann beobachtet man an dem Auftreten der Spektren 2-atomiger 
Bruchstiicke wie z.B. C,, CH, H,, CN, CO, CS usw., dass die Molekiile weitgehend 
zerstért werden. Deshalb wird unter diesen Bedingungen auch kein arteigenes 
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Leuchten der Untersuchungssubstanz (entsprechend seinem 1. Absorptionsiiber- 
gang) beobachtet. 

In den Zwischenstadien treten bei bestimmten Substanzen nun neue Spektren 
auf, die nur innerhalb eines bestimmten Mischungsintervalles zu beobachten sind 
und bei weiterer Erhéhung des Dampfdruckes wieder verschwinden. 

Bei der schrittweisen Vergrésserung des Dampfdruckes kann nun bei der 
gleichen Substanz auch ein weiteres neues Spektrum auf treten, das wiederum 
nur an einen bestimmten Bereich des Mischungsverhiltnisses gebunden ist und 
im Endstadium wieder zuriicktritt oder ganz verschwindet. 

All diese Erscheinungen des Auftretens neuer Spektren sowie die Bedingungen, 
unter denen sie beobachtet werden, sind an die molekularen Eigenschaften der 
verschiedenen Substanzen gebunden und variieren ausserordentlich stark. Man 
erhalt fiir die Deutung der neuen Spektren erste Hinweise dadurch, dass bei 
verschiedenen Substanzen das gleiche Spektrum beobachtet wird. Hinweise 
durch die Theorie der organischen Chemie sowie durch andere Untersuchungs- 
methoden liegen bisher fiir diese unbekannten Spektren nicht vor. Man ist daher 
zunachst darauf angewiesen, zu registrieren, bei welchen Substanzen das gleiche 
Spektrum beobachtet wird, und unter welchen Anregungsbedingungen es bei 
den verschiedenen Molekiilstrukturen auftritt. 


II 


So wurde beim Benzol ein schwaches Bandenspektrum im Griinen (4650-6500 A) 
beobachtet, das neben den Bruchstiicken C,, CH und H, in dem Entladungsstadium 
erscheint, in dem das He-Leuchten dominiert [7]. Bei Erhéhung des Benzol- 
dampfdruckes verschwindet dieses Spektrum wieder. 

Es wurde unter den gleichen Anregungsbedingungen auch bei anderen Sub- 
stanzen beobachtet, s.Tab. 1. Die Gruppen A-—D zeigen, dass fiir das Auftreten 
dieses Leuchtens nicht die Existenz eines Phenylringes notwendig ist, sondern 
dass ein relativ kleines gemeinsames Bruchstiick fiir das Erscheinen des Spektrums 
verantwortlich sein muss. Bei allen Substanzen dieser Gruppen verschwindet 
das Spektrum, wenn man Argon oder Neon statt Helium als Trigergas benutzt. 
Also muss man bei diesen Substanzen die Molekiile mit relativ hohen Elektronen- 
energien anregen, um das Spektrum zu erhalten. Die Gruppe E der Tab. 1 gibt 
einen weiteren Hinweis auf den Traiger. Bei diesen Substanzen erscheint das 
Spektrum besonders intensiv und tritt auch in Neon—und Argon—Entladungen 
auf. Bei diesen Molekiilen ist demnach weniger Anregungsenergie notwendig, um 
den gesuchten Trager zu bilden (s.a. [9, 14, 17, 19)). 

Als es gelang, Diacetylenbildung in der Acetylenentladung nachzuweisen 
(durch Absorption), wurde Diacetylen selbst untersucht. Hier ist die Intensitat 
des Spektrums ausserordentlich gross, noch etwa 8 mal starker als beim Acetylen 
(Fig. 1). 

Versuche mit deuterierten Substanzen ergaben aus der Isotopenaufspaltung 
eindeutig, dass der Trager des Spektrums 2 H-Atome enthalten muss. 

Eine erste Schwingungsanalyse des Emissionsspektrums zeigt gute Uberein- 
stimmung mit drei Schwingungen des Grundzustandes von Diacetylen (Vergleich 
mit Raman- und Infrarotbefunden [17, 19]). Wenn Diacetylen selbst der Traiger 
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Tabelle 1. T-Spektrum 


Benzol 

Toluol 
Benzo-nitril 
Dipheny] 
Diphenylmethan 
Dibenzy! 

Styrol 

Stilben 
Chlorbenzol 
Anilin 


Phenol 
Naphthalin 
Anthracen 


| Pyridin 


Athylen 


Butadien 


| n-Hexan 


Phenylacetylen | 


Acetylen 


Substanz 


H,—C=CH—CH=CH, 


| H,C—CH,—CH,—CH,—CH,—CH 


He Ne Ar | Bemerkungen 


_ | zuerst 
beobachtet 


| sehr schwach 


fraglich, ob 


uberhaupt 
vorhanden 
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| starker als 

| bei Benzol 
— | sehr rein, 
sehr wenig 
H, 
fraglich, ob 
iiberhaupt 
vorhanden 


ot 
viel Hy 


sehr stark 


bisher 
starkstes 
Spektrum 
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des Spektrums ist, so muss es sich um einen Ubergang in den Grundzustand han- 
deln, wobei allerdings der angeregte Elektronenzustand bisher unbekannt ist. Er 
konnte auch durch Absorptionsversuche nicht nachgewiesen werden (Versuche 
mit Absorptionswegen von 16 m und Dampfdruck von 200 mm Hg). Der definitive 
Beweis, dass Diacetylen der Trager ist, kann erst gegeben werden, wenn Versuche 
in festen Lésungen durchgefiihrt worden sind, sodass auch langlebige angeregte 
Zustande erfasst werden. 

Durch die gute Ubereinstimmung der Schwingungen ist aber bewiesen, dass 
mindestens 4 C-Atome mit C=C- und C—C-Bindungen ausser den 2 H-Atomen 
im Trager vorhanden sind. 

Aus den Gruppen A—E der Tab. | ist demnach zu entnehmen, dass das gesuchte, 
gemeinsame Bruchstiick C,H ist, dass das Bruchstiick aber nicht selbst leuchtet, 
sondern sich durch Dimerisation oder Polymerisation zu dem eigentlichen Trager 
des Spektrums umsetzt. 

Man muss also damit rechnen, dass in der Glimmentladung nicht nur neue 
Bruchsticke entstehen, sondern dass sich diese auch zu komplizierteren Verbindungen 
zusammensetzen kénnen. So werden bei Anregung mit hohen Energien offensichtlich 
Substanzen neu gebildet, deren Entstehung man nach der Ausgangssubstanz nicht 


erwarten sollte. 

Die starke Unterschiedlichkeit im Auftreten und in der Intensitaét des Spek- 
trums bei den Substanzen der Gruppe A—D zeigt, dass—trotz der allen Substanzen 
zugefiihrten gleichen, hohen Anregungsenergie der Heliumentladung—noch 
prinzipielle Differenzierungen in dem Verhalten der angeregten Elektronen- 
zustinde vorhanden sind. Auch die heterozyclischen Finferringe zeigen solch 


unterschiedliches Verhalten in Bezug auf das Auftreten dieses Spektrums [20]. Die 
Bildung des Trigers muss also eng zusammenhingen mit der Konstitution der 
Molekiile, wobei z.B. Cl, NH, und OH auf die Bildung hindernd wirken. 


Ill 


Ein anderes Spektrum (““V-Spektrum,”’ 4450-5000 A), das einer Reihe von Benzol- 
derivaten gemeinsam ist, tritt unter Entladungsbedingungen auf, bei denen das 
Edelgas nicht mehr leuchtet (Mischung |: 1).* Es hat seine grésste Helligkeit 
beim Toluol. Abb. des Spektrums s.Fig. 2. Es konnte gezeigt werden, dass das 
gemeinsame Bruchstiick, auf das das Auftreten des Spektrums zuriickzufiihren 
ist, eine der Konfigurationen: C,H,, C,H,—C, C,H,—CH oder C,H,—CH, 
haben muss [10a]. 

Zu diesem Schluss kommt man auf Grund der Befunde der Tab. 2, sowie auf 
Grund des Charakters des Spektrums, der starke Ahnlichkeit mit der Anregung 
des Benzolringes im UV besitzt. Es treten Schwingungen in der Grésse von 
940 cm~' auf, die der totalsymmetrischen Schwingung eines Ringsystemes 
zugehoren. 

Da dieses Spektrum beim Benzol nur sehr schwach angedeutet ist (etwa 
10 mal schwacher als bei Toluol), und da es bei Phenylacetylen C,H,—C=CH 


* Unter diesen Bedingungen wird, wie erwahnt, immer auch die arteigene Emission der Unter- 
suchungssubstanz beobachtet, die der 1. Absorption entspricht. 
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Fig. 3 
(a) Neues Spektrum (OH-) in H,O-Dampf. 
(b) Neues Spektrum (OD~-) in D,O-Dampf. 
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Uber die Emissionsspektroskopie organischer Substanzen 


nur bei Zusatz von H, auftritt, ist die Konfiguration C,H,—CH, bisher am 
wahrscheinlichsten. 

Es kann sich demnach um das Leuchten des freien Benzylradikals handeln, 
da den Verff. bisher kein Polymerisationsprodukt bekannt ist, bei dem die An- 
regung so weit im Sichtbaren liegt. Der naheliegendsten Annahme, dass es ein 
Dibenzylspektrum sei, widerspricht die schwachere Intensitat des ‘“‘V-Spektrums”’ 
bei dieser Substanz. Ausserdem miisste man auch beim Dibenzyl dann einen 
unbekanne ten Elektronenzustand annehmen, da dessen erstAnregung bei etwa 
2670 A liegt (Lage sehr ahnlich der Toluol-Ringanregung). Wahrend man beim 
Ubergang zu Diacetylen eine grosse Verstarkung der Intensitat des ““T-Spektrums” 
erhielt und dadurch mit einer Umsetzung des gemeinsamen Bruchstiickes C,H 
rechnen muss, fehlen hier alle Anzeichen fiir ein solches Verhalten, sodass die 
Annahme, der Trager sei das Bruchstiick selbst, an Wahrscheinlichkeit gewinnt. 

Aus den Entladungsbedingungen kann man ersehen, dass fiir die Bildung des 
Triagers und damit fiir das Auftreten des ‘“V-Spektrums’”’ nicht so hohe Energien 
erforderlich sind, wie fiir das erwaihnte ‘‘Diacetylen-Spektrum”’ bei den Benzol- 
derivaten. In Einklang mit diesem Befund, ‘dass die Entstehung des Benzyl- 
radikals nur relativ wenig Energie bendtigt, stehen die Ergebnisse der Pyrolyse [21], 


Tabelle 2 


Gruppe A 

Das “‘V-Spektrum” zeigen: 
Toluol 
Athylbenzol 
n-Propylbenzol 
Phenylessigsaéure C,H; —CH,—COOH 
Phenyl-n-propylchlorid 
Phenylathylchlorid CsH;—CH,—CH,Cl 
Benzylamin C,H;—CH,NH, 
Diphenylmethan C,H;—CH,—€,H, 
Dibenzyl 


Gruppe B 
Kein “V-Spektrum” zeigen: 
Dipheny! 
Chlorbenzol C.H,Cl 
Anilin C,H;—NH, 
Phenol 
Anisol C,H,—OCH, 
Thiophenol C,H,—SH 
Benzonitril CgH;—CN 
Nitrobenzol C,H;—NO, 
Azobenzol C,H,—_N=N—C,H, 
Benzaldehyd C,H;—CHO 
Acetophenon C,H;—CO—CH, 
Benzophenon C,H,—CO—C,H, 
Benzoeséure C,H,—COOH 
Benzoesaéureathylester C,H,;—COOC,H, 
Benzamid C,H,—CO—-NH, 
Benzoylchlorid C,H,—CO—C1 
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bei denen die Endprodukte auch auf eine starke Benzylbildung hinweisen. Eigene 
Versuche am Toluol haben ergeben, dass in der Entladung mindestens 1% 
Dibenzyl entsteht [13]. Weiter beobachtet man bei einigen Benzolderivaten der 
Gruppe A der Tab. 2 als Sekundarprozess die Bildung von Toluol (vergl. auch 
Tab. 4). 

Um noch die letzten Zweifel auszuschliessen, ob das Spektrum nicht doch 
dem Toluol selbst zugeschrieben werden muss, wurden am Toluol Versuche mit 
einem rotierenden Sektor durchgefiihrt, der mit dem anregenden Wechselstrom 
synchron lauft. Mit Hilfe dieses Sektors ist es méglich, verschiedene Zeitab- 
schnitte innerhalb der anregenden Phase isoliert zu untersuchen. Es zeigt sich, 
dass im Anklingprozess der Entladung die Intensitaét des ‘‘V-Spektrums”’ merklich 
zuriickbleibt gegeniiber der Intensitaét der Ringanregung des Toluol. Das Intensi- 
tatsverhaltnis andert sich bei diesen Versuchen um den Faktor 3. Dieses beweist, 
dass das ““V-Spektrum’”’ nicht parallel lauft mit der normalen ersten Toluolanre- 
gung, sondern dass die Anregung des Triagers des ‘‘V-Spektrums”’ zeitlich spiter 
erfolgt. 

All diese Argumente sprechen dafiir, dass man in der Glimmentladung auch mit 
dem Leuchten der vielatomigen, freien Radikale selbst rechnen muss. 


Vollstandigkeitshalber sei erwahnt, dass bei den Xylolen (Dimethylbenzol) im gleichen Spek- 
tralbereich entsprechende Spektren beobachtet werden, bei denen man deutliche Differenzier- 
ungen in Lage und Struktur erkennen kann, je nach der Stellung der beiden Substituenten 
zueinander [10b]}. 

Bemerkenswert ist weiter der Befund, dass bei Benzol neben den schwachen Anzeichen 
des “V-Spektrums” noch ein weiteres Spektrum im Griinen (‘‘U-Spektrum,” 4750-5400 A) 
auftritt, das ebenfalls bei weiterer Dampfdruckerhéhung verschwindet. Es reicht in seiner 
Intensitét bei weitem nicht an die des ““V-Spektrums”’ beim Toluol. Da es ausserdem bei 
Dipheny! beobachtet wurde, bei dem es ohne das ““V-Spektrum” erscheint, konnte es als weiteres 
neues Spektrum isoliert werden. Das ‘‘U-Spektrum” besteht aus 2 sehr diffusen Bandengruppen, 
die keine Ahnlichkeit mit den Ringanregungen im UV besitzen, und die eine Differenz von 
~1500 cm~ aufweisen [7]. Auch das ““U-Spektrum” zeigt bei Sektorversuchen an Benzol im 
Anklingen der Entladung eine Intensitétsabnahme um etwa den Faktor 3 gegeniiber der 
normalen Ringanregung im UV (bisher nicht verdffentlicht). 

Ferner tritt bei Diphenylmethan, Dibenzyl und Stilben ein gemeinsames Spektrum auf 
(“B-Spektrum’’), das einen kontinuierlichen Charakter hat mit einer kantenihnlichen Ein- 
satzstelle an der kurzwelligen Seite des Spektrums bei 2960 A [12]. Fir dieses Spektrum ist 
die Tragerkonfiguration C,H;—CH (neutral) vorgeschlagen worden. 


IV 


Durch Untersuchungen an Wasserdampf wurde ein Hinweis auf eine weitere 
Moglichkeit erhalten, mit der man beim Zerfall eines Molekiils bei Anregung in 
der Glimmentladung rechnen muss. 

Bei schnellstr6mendem Wasserdampf und bei einem Dampfdruck von ~0-5 mm 
beobachtet man ein sehr einfaches Bandenspektrum im Gebiet 4200-5500 A 
(s.Fig. 3a). Es handelt sich um 7 Banden, die nach Rot abschattiert sind, mit 
einer guten Auflésung der Rotationen. Jede Bande besteht nur aus einem P- und 
R-Zweig (Fig. 4). Durch Versuche mit D,O und HDO konnte gezeigt werden [3], 
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dass im Trager des Spektrums nur ein H-Atom enthalten ist. (Fig. 3b zeigt das 
entsprechende Spektrum des D,O-Dampfes.) 

Da zur Aufstellung des Kantenschemas nur eine Schwingungsfolge notwendig 
ist, muss man auf eine 2-atomige Konfiguration schliessen. Es kénnen deshalb nur 
OH, OH* oder OH~ zur Diskussion stehen. Auch bei der Wasserdampfentladung 
wurden Versuche mit dem erwihnten rotierenden Sektor durchgefiihrt. Die 
Schwierigkeit dieser Versuche liegt darin, dass das H,O im Beobachtungsbereich 
kein arteigenes Spektrum besitzt. Man ist daher darauf angewiesen, seine Beo- 
bachtungen auf Unterschiede zwischen den einzelnen Bruchstiickspektren zu 
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Fig. 4. Rotationsstruktur einer OD~-Bande 


beschrinken, d.h. man vergleicht die Intensitét des neuen Spektrums mit der 
des bekannten (neutralen) OH-Spektrums und der Balmer-Serie des atomaren H. 
Im Anklingen der Entladung tritt das neue Spektrum etwa um den Faktor 2 bis 4 
starker hervor als OH und H. Demnach geht das Verhalten des neuen Spektrums 
nicht parallel mit dem bekannten Ubergang des OH bei 3063 A. 

Die Entladungsbedingungen wurden nun dadurch variiert, dass man eine 
Kondensatorbatterie von 3 uF durch die Réhre entlidt und dabei durch Vor- 
widerstande den Charakter der Anregung von der funkenahnlichen Stossentladung 
bis zur kontinuierlichen Gleichstrom-Glimmentladung schrittweise andert. Die 
Ergebnisse sind in Tab. 3 wiedergegeben. (Als Vergleich wurden die Ausliufer 
des OH*- und des OH-Spektrums bei 4000 A benutzt.) Aus den Bedingungen, 
unter denen das neue Spektrum auftritt, ergibt sich, dass es weder ein OH*- 
Spektrum noch ein unbekannter Ubergang zwischen héher angeregten Zustanden 
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des neutralen OH sein kann. Aus diesem Grunde wurde die Deutung vorgeschlagen, 
dass es ein Spektrum des OH~ sei [18].* 

Nach den Befunden am Wasserdampf muss man also in der Emissionsspektro- 
skopie auch die Méglichkeit der Bildung von negativen Ionen in der Glimment- 
ladung im Auge belhaten. 


Tabelle 3. Relative Intensitdten von OH*+, OH und in der kondensierten Entladung 
durch H,O-Dampf in Abhdangigkeit vom Vorwiderstand R 


W iderstand 
OH* | Atomare Spektren 
R(Q) | 


O* stark 
O 
| H Starkeffekt 
O* schwach 
O 
H 


® 


| O* verse hwindet 
| oO 
| H 


mittel 


| stark | 
| 
| 
| sehr stark sehr schwach 


O nimmt ab 


40,000 | mittel | stark 
H nimmt ab 


Bei der Beobachtung von Benzaldehyd C,H,—CHO zeigt sich, dass ein Spektrum 
sehr intensiv leuchten kann, obwohl nach den Befunden der Absorption nur eine 
geringe Ubergangswahrscheinlichkeit vorhanden ist (log ¢ = 1-35). (Uber- 
einstimmung von Absorption und Emission bewiesen durch die 0-0-Bande bei 
3713 A.) 

* Im 2. Teil der Arbeit [18] werden Schwierigkeiten diskutiert, die sich rein aus der Analyse des 
OH--bzw. OD~-Spektrums ergeben, und die unabhangig von der Deutung des Tragers als negatives Ion 


sind. Offensichtlich erfolgt der Obergang nur zwischen héheren Schwingungsniveaus sowohl des 
angeregten Elektronenzustandes wie des Grundzustandes. 
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Es wurde nun festgestellt, dass schon geringe Mengen von Benzaldehyd in 
einer Benzol- oder Toluol-Entladung geniigen, um das Spektrum mit der gleichen 
Intensitat erscheinen zu lassen wie in einer reinen Benzaldehyd-Entladung [4]. 
Durch diese Verstirkung war es méglich, noch Spuren von Benzaldehyd, die in 
einem Mischungsverhiltnis von | : 10® dem Benzol bzw. Toluol zugesetzt waren, 
durch ihr Emissionsspektrum nachzuweisen. 

So lasst sich auch erklaren, dass man die Bildung von Benzaldehyd beobachten 
kann, die in einer Toluol-Entladung bei Zusatz von Sauerstoff oder Luft statt- 
findet, obwohl die gebildeten Mengen sicher sehr gering sind. 

TERENIN [22] hat bei Fluoreszenzversuchen festgestellt, dass die Emission dieses 
Spektrums auch bei Einstrahlung in dem 2. Absorptionsgebiet bei 2963-2599 A 
erfolgt, das der Anregung des Phenylringes vom Benzaldehyd entspricht. Danach 
muss man annehmen, dass die Verstarkung, die das Benzaldehyd in einer Benzol- 
oder Toluol-Entladung erfahrt, iiber diesen Zustand des Benzaldehyds bei 2963- 
2600 A erfolgt, und in der Entladung veranlasst wird durch die Lage des 1. ange- 
regten Elektronenzustandes von Benzol (bzw. Toluol), der energetisch unmittelbar 
dariiber liegt. Ein gleichartiger Verstarkungseffekt wird auch bei den entspre- 
chenden Spektren von Acetophenon (C,H;—COCH,) und von p-Toluylaldehyd 
(CH,—C,H,—CHO) beobachtet, bei Benutzung von Benzol-, Xylol- oder Toluol- 
Entladungen. 

Man muss sich also bei dem Auftreten von Spektren in der Glimmentladung 
auch vergewissern, ob solche Verstirkungseffekte vorliegen kinnen, die imstande sind, 
Substanzen, die in der Entladung neu gebildet werden oder als spurenweise Verun- 
reinigung vorhanden sind, verstdrkt leuchten zu lassen. 

Bei den bisher erwihnten neuen Spektren ist durch besondere Versuche 
festgestellt worden, dass bei ihnen dieser Effekt keine Rolle spielt 


VI 


Ein weiterer Hinweis auf die Existenz mehratomiger Molekilbruchstiicke, die 
beim Zerfall angeregter Molekiile entstehen, liegt in den Fallen vor, bei denen man 
neugebildete, stabile Substanzen feststellen kann. Der Nachweis erfolgte meist 
durch Emission, in einzelnen Fallen auch durch Absorption wiaihrend der Ent- 
ladung oder auf chemischem Wege. 

In Tab. 4 sind eine Anzahl Befunde mitgeteilt, bei denen einwandfrei Sekun- 
darbildung neuer Substanzen festgestellt wurde. In den Gruppen A-C handelt 
es sich um die Bildung von Benzol, Toluol und Anilin, die in Entladungsstadien 
beobachtet werden, bei denen das Edelgas zwar nicht mehr leuchtet, aber das 
Endstadium der Untersuchungsreihe noch nicht erreicht ist.* Diese Sekundar- 
bildungen treten nicht mehr in Erscheinung, wenn man den Dampfdruck der 
Untersuchungssubstanz noch weiter erhéht (kein Nachweis im Endstadium). 

In der Gruppe D wurde die Bildung von Dibenzyl bzw. Dipheny! chemisch nach- 
gewiesen, wobei die Ausbeute etwa 1°, der durch die Réhre gestromten Substanz 


betragt. In Gruppe E wird die Bildung vom Hydrinden aus Inden und von 


° Gleichzeitig ist auch die arteigene Emission der Untersuchungssubstanz vorhanden. 
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Tetralin (Tetrahydronaphthalin) aus Naphthalin gefunden, was auf eine Hydrier- 
ung hinweist. Der reziproke Vorgang einer Dehydrierung ist bei diesen Sub- 
stanzen nicht beobachtet worden. Die Substanzen der Gruppe F zeigen vor- 
wiegend im Endstadium, also bei hohem Substanzdruck, die Bildung ihrer Dimeri- 
sationsprodukte. Eine genauere Untersuchung an Ammoniak [13, 15, 16] ergab, 


Tabelle 4 


Untersuchungssubstanz Sekundarbildung Beob..- 


Name Struktur | Name Struktur methode 


Chlorbenzol -C Benzol Emiss. 
Dipheny! , Benzol Emiss. 
Anilin NH, | Benzol Emiss. 
Dimethylanilin Benzol Emiss. 
Diphenylquecksilber C,H;,—Hg—C Benzol Emiss. 
Diphenylmethan C,H, —CH,—C,H; Benzol Emiss. 
Athylen CH,—CH, Benzol , Emiss. 
Butadien CH,—=CH—CH=CH, Benzol Emiss. 


Benzylamin C,H;—CH,—NH, Toluol Emiss. 
Dibenzy] | | Toluol Emiss. 
Stilben | CsH, -CH=CH—C,H, Toluol Emiss. 
Styrol C,H,—CH=CH, Toluol Emiss. 
Phenylacetylen C,H;—C=CH Toluol Emiss. 


Dimethylanilin Anilin -N Emiss. 
o,m, p-Aminobenzoe- | 

saure N C,H,—COOH Anilin -N Abs. 
Benzamid CONH, | Anilin | Abs. 


Toluol CH, Dibenzy] Chem. 
Benzol Dipheny| Chem. 


Inden Hydrinden Emiss. 


Naphthalin | Tetralin 


F Acetylen | CH=CH | Diacetylen | CH=C—C=CH | Abs. 
| 


4 


—— + 


Aceton CH,—CO—CH, | Diacetyl | (CH,—CO), Emiss. 
Ammoniak NH, | Hydrazin | (NH), Chem. 


dass mindestens 6°, der gesamten elektrischen Energie der Entladung fir die 
Bildung von Hydrazin verbraucht wird (Ausbeute in der Glimmentladung 
~15 g/kWh). 

Die Befunde zeigen also, dass man in der Glimmentladung den Zerfall angeregter 
Molekile in gréssere Bruchsticke auch durch die Bildung neuer stabiler Molekiile 
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beweisen kann. Das Entstehen solch neuer stabiler Molekiile ist eine recht allgemeine 
Erscheinung, die in den meisten Fallen an ganz bestimmte Anregungsbedingungen 
gebunden ist (entsprechend einem bestimmten Mischungsverhiltnis von Edelgas und 
Untersuchungssubstanz). 


Vil 


Neben den bisher geschilderten Beobachtungen, die immer eine gewisse Einengung 
der méglichen Tragerkonfiguration der neuen Spektren erméglichten, liegen noch 
eine Reihe von neuen Spektren vor, die auf Einzelbeobachtungen beruhen. 

1. Die Ameisensiure HCOOH zeigt in der Glimmentladung ein diffuses Ban- 
denspektrum bei 3400-4500 A, das auch in Fluoreszenz beobachtet wird, und 
Ameisensiuremethylester HCOOCH, weist ein ahnliches Spektrum in diesem 
Gebiet auf.! Beiden Spektren entsprechen keine Absorptionsiiberginge. 

Gebiet auf [23]. Beiden Spektren entsprechen keine Absorptionsiibergiange. 

2. Bei Naphthalin tritt ein diffuses Spektrum im Griinen auf, und ein weiteres 
im Roten erscheint bei noch héherem Substanzdampfdruck [8]. 

3. Chlornaphthalin (in 1- und 2-Stellung) sowie Methylnaphthalin (in 1- und 
2-Stellung) zeigen auch neue, entsprechende Spektren im Sichtbaren, die keine 
arteigenen Spektren sind. Es gelang aber bisher nicht, identische Spektren bei 
verschiedenen Derivaten festzustellen. 

4. Inden und Hydrinden haben beide ein identisches sehr intensives Spek- 
trum (““A-Spektrum”) bei 4700-5100 A, fiir dessen Trager bisher keine weiteren 
Anhaltspunkte vorliegen. 

5. Tetralin (Tetrahydronaphthalin) weist ebenfalls ein sehr intensives Spek- 
trum (“C-Spektrum’”’) bei 4630-5050 A auf, das dem erwihnten ‘A-Spektrum”’ 
(s.Inden) sehr ahnlich ist [8]. Dieses Spektrum wird ebenfalls in einer Naphthalin- 
entladung bei Zusatz von H, beobachtet. 

Die den beiden Spektren (“‘A”’ und “‘C’’) gemeinsame Schwingungsdifferenz 
von ~1540 cm~ erméglicht keine nihere Trigerbestimmung. Da beide Spektren 
auch im Endstadium der Untersuchungsreihe nicht verschwinden, muss zu ihrem 
Auftreten relativ wenig Energie benétigt werden. 

Bei allen Untersuchungen an Kohlenwasserstoffen wird in der positiven Saule 
ausserdem ein Niederschlag von festen Substanzen (Polymeren) an den Rohren- 
winden beobachtet. Leichte Erwirmung der Kéhre zeigt bei Toluol, dass dieser 
Niederschlag auch Dibenzyl enthalt. Diese Substanz ist bei Zimmertemperatur 
fest und verdampft erst bei leichter Erwirmung, dann ist sie durch ihr Spektrum 
nachweisbar. Demnach entziehen sich Polymere dem spektroskopischen Nach- 
weis, wenn ihr Dampfdruck bei den jeweiligen Versuchstemperaturen fiir eine 
Beobachtung nicht gross genug ist. 


Zusammenfassung 


Es wird ein Uberblick itiber die bisherigen Befunde der Emissionsspektroskopie 
organischer Substanzen in der Glimmentladung gegeben. Zahlreiche neue Spektren 
sind beobach‘et worden. Sie entsprechen aber nicht, wie erwartet, Ubergaingen 
zwischen héher angeregten Elektronenzustinden der untersuchten Molekiile, 
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sondern zeigen an, dass man anstelle der Ausstrahlung mit dem Zerfall der ange- 
regten Molektile rechnen muss. Die Tatsache, dass Molekiile aus ihren angeregten 
Elektronenzustanden in gréssere Bruchstiicke zerfallen, ist offensichtlich eine recht 
allgemeine Erscheinung der Emissionsspektroskopie vielatomiger organischer 
Substanzen. 

Das Hauptproblem bei der Deutung der neuen Spektren liegt in der Bestim- 
mung des Bruchstiickes, auf das diese Emission zuriickgefiihrt werden muss. An 
einigen Fallen, bei denen bisher eine niherungsweise Bestimmung des Trigers 
durchgefiihrt wurde, lassen sich verschiedene Méglichkeiten erkennen, mit denen 
man bei der Deutung der Beobachtungen in der Glimmentladung rechnen muas: 

|. Vielatomige Bruchstiicke oder freie Radikale kénnen direkt durch ihr 
Leuchten in Erscheinung treten (Abschnitt III). 

2. Die Entstehung von Bruchstiicken kann zur Bildung neuer Substanzen 
fihren, die sich durch ihre Spektren bemerkbar machen. 

Bei Anregung mit bestimmten, relativ hohen Energien werden so Substanzen 
gebildet, deren Entstehung man nach der Ausgangssubstanz nicht ohne weiteres 
erwarten wiirde. Z.B. sind bei einer Reihe von aromatischen Verbindungen 
Anzeichen einer Diacetylenbildung (C,H), vorhanden, die auf die Anwesenheit 
von C,H zurtickzufthren ist (Abschnitt 

Bei Anregung mit etwas geringeren Energien wird bei zahlreichen Benzol- 
derivaten die Bildung von Toluol, Benzol usw. beobachtet (Abschnitt V1). 

3. Nach den Befunden an Wasserdampf besteht auch die Méglichkeit, das 
Leuchten von negativen Bruchstiick-lonen (OH~) zu beobachten (Abschnitt IV). 

4. Wie Benzaldehyd zeigt, kénnen in der Glimmentladung Verstirkungs- 
effekte auftreten, die bewirken, dass sich Fremdsubstanzen stark bemerkbar 
machen, obwohl sie in der Untersuchungssubstanz nur spurenweise vorhanden 
sind (Abschnitt V). 
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The identification of micro-organisms by infrared spectrophotometry 
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Summary—A technique is described for obtaining the spectrum of micro-organisms under standard 
conditions. 

Work on three closely related groups of organisms has supported the claims of American 
workers that individual strains of an organism have characteristic infrared spectra. 

It has been demonstrated that these spectra are affected by variations in culture medium, 
incubation time, and method of sample preparation. It is concluded therefore that it is necessary 
to standardize all these variables. 


Introduction 


The application of infrared spectrophotometry to biological materials has been 
reported by Barer, CoLe, and THompson [I], who produced spectra from various 
fibres and other materials as a demonstration of the use of a reflecting microscope: 
by Scuwart7z et al. [2], who studied sections of tissue from various organs and as a 
result claimed that they were able to identify the tissue from which a section had 
been cut: by Woop [3], who studied living muscle fibres, also by means of a micro- 
spectrophotometer: and by BLout and MELLors [4], who examined sections of 
normal and pathological tissues and also blood smears. The possibility of extending 
this work into the field of microbiology was suggested by STEVENSON and BoLDUAN 
[5], who reported that micro-organisms had characteristic spectra which enabled 
closely related strains to be differentiated and unknown strains to be identified 
provided that their spectra had already been recorded and were available for 
comparison. 

Their paper was unfavourably reviewed in the Lancet [6], the work being 
described as adding another cell to the body of abstract knowledge. The present 
paper records the results of a critical investigation of this method of differentiating 
bacteria. 


Instrumental 
The initial part of this investigation was carried out using a Perkin Elmer Model 21 
(P.E.21) spectrophotometer. The control settings were:— 
Wavelength range 5 to 15 microns (NaCl prism) 
Resolution 2 Response 1 — 1 Gain 5-0 
Scanning speed 4 minutes per micron 
Chart scale | inch per micron 


Suppression 0 Nernst (British) current 0-6 amp. 


These conditions had to be strictly maintained if reproducible spectra were to 
be obtained. 


* C.D.E.E., Porton, Wilts. 
+ M.R.D., Porton, Wilts. 
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Using the fastest scanning speed at which it was possible to run the instrument 
(4 minutes per micron), the time taken to run a spectrum and reset the machine 
ready for the next sample was approximately 50 minutes. This limited the number 
of samples which could be examined in a day to nine and imposed a severe limi- 
tation both on the present investigation and on the future utility of the technique. 
After considering possible means of increasing the speed of scan it became obvious 
that the most promising method was to increase the aperture of the spectrometer. 
A Grubb Parsons 84 (G.P.S4) double beam instrument was therefore obtained and 
tested for this purpose. 

The optical arrangement of the G.P.S4 is virtually identical with that of the 
Perkin Elmer Model 12c (P.E.12c) monochromator, except that the prism is much 
larger and the focal length of the collimating paraboloid is increased. This results 
in a much superior optical performance; the resolution required for this work is 
attainable with wider slits and a consequent increase in available energy. As a 
result it is found possible to run the G.P.S4 at one minute per micron and attain the 
same resolution as that obtained at four minutes per micron with the P.E.21. 
This enables the spectrum from 5 to 15 uw to be run in ten minutes. Owing to the 
provision in the G.P.S4 of facilities for manual return of the wavelength drive to 


eset 
- 
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4 
Fig. 1. Standard profiles for classification of spectra of micro-organisms. 


its starting point, the time taken to run each sample and to return to the starting 
point ready for the next sample is little greater than the scanning time. It is thus 
possible to deal with five samples an hour, an increase of output to forty per day 
with the instrument as it is at present arranged. The scanning speed of one minute 
per micron is the fastest speed attainable with the gears provided for the wavelength 
drive mechanism. The resolution still in hand at this speed leaves little doubt 
that if higher gear ratios are provided this output can be considerably increased. 

In order to be able to compare large numbers of spectra an empirical method 
of curve analysis was evolved. It was carried out as described below. 

Most of the bands which are significant in classifying spectra of this type are of 
low intensity. For this reason the band intensities for the weakest bands were 
judged in an arbitrary fashion and were allotted the numbers 0-4 by comparison 
with the standard profiles shown in Fig. |. Assessment of these weak bands is 
dependent on the slope of the background absorption in the vicinity of the band 
and must be subject to a certain degree of personal judgment. 

Bands which are more intense than those covered by this range of standards 
were assessed in the following manner. The points of peak transmission immedi- 
ately on either side of the absorption peak were joined, giving a base-line. The 
absorption peak was joined to this base-line by a line parallel to the absorption 
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‘able 2. Analysis of spectra 
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Intermedius I 


Intermedius IT 


Aerogenes | 
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Aerogenes Il 


Anaerocgenes 


Commune (N.C.T.C. 1100) 


Commune (Bale) 
Wade 
Vi (Henderson) 2 12 1 1 0 11 0 1 1 21 ° 


American Type B 


Jepp 


Cloacae 


Analysis of spectra from strains 


Strain 6-9 71 74 76 a7 9-0 9-3 95 96 Wil 103 104 #105 107 


Ti 2 17 2 1 0 4 
Ts 
Java 


Soemedang 


Table 6. Analysis of spectra from strains 


o3 95 9-6 97 101 103 104 105 


x 
- 
, 


Strain 69 71 74 76 


Oxford 24 


Allahabad 


“H" 901 4 12 3 > 4 1 11 0 1 1 1 1 0 23 0 l 0 1 0 1 
Lister 4 15 3 2 0 12 0 1 1 3 1 0 22 1 1 0 0 2 0 0 
New Zealand 5 15 3 2 0 14 0 1 0 > 4 0 2 25 1 0 1 1 0 0 0 
Watson 5 14 2 2 0 9 1 0 1 2 1 2 21 1 1 0 1 0 1 0 
“8” N.C.T.C.3390 5 16 2 2 0 12 0 1 1 2 l 1 26 0 1 0 2 0 0 0 
Rawlings 4 13 2 2 0 9 0 1 1 3 1 2 12 0 0 0 1 0 0 0 
Webb 4 15 2 2 0 16 0 1 1 2 2 2 35 0 0 0 0 1 0 0 
Té6s 4 15 2 2 0 12 0 0 0 2 1 0 23 1 0 0 0 2 0 0 
Chicken 5 l4 2 2 l 17 0 ! 0 2 1 2 34 1 0 0 0 0 0 0 
“Oo” 901 5 13 2 2 0 13 0 1 0 3 1 1 29 1 0 1 1 1 0 0 
Johns Hopkins 0 
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of coliform bacteria 


10°35 10-5 10-7 Ratios 


> 


of Pasteurella pestis. 


11-0 11-3 115 116 #119 Ratios 
Rs 
1-0 
15 
1-9 
13 
1-4 


of Salmonella typhi 


Ratios 


107 1083 #%110 
Ri | Rs | 


2 bl 


1 0 2 0 1 0 0 0 0 0 0 0 i 10 19 ' 
2 0 2 0 1 0 0 2 0 0 0 1 | 10 1-9 
1 0 1 0 0 1 0 0 2 1 2 0 13 2-4 ; 
2 0 3 0 0 0 2 0 1 1 0 0 | 16 22 
4 1 0 2 1 1 0 0 1 0 1 0 1-1 17 
1 0 2 0 1 0 1 0 1 0 1 o | el 2-0 
1 0 0 1 1 0 0 1 0 0 0 0 10 13 
2 1 3 0 1 0 0 1 2 0 0 2 | O9 17 ; 
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1 0 0 0 3 0 1 0 0 0 1 1 | 2-7 40 : 
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2-3 
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5 0 1 0 1 0 4 2 0 + 4 0 0 1 2 2 0 3 1 1 6 3 09 3-4 : 
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0 3 0 1 1 3 1 2 3 0 0 1 1 2 2 1 2 0 0 4 1-1 | 19 
0 4 1 1 0 3 2 2 2 0 0 1 0 2 2 0 2 1 0 3 13 | 18 he’ 
0 4 1 0 2 4 2 0 3 0 0 0 0 4 0 1 2 1 0 3 1-1 18 
0 3 1 0 1 3 0 2 1 0 0 2 1 2 0 0 2 1 1 2 16 23 
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0 4 0 2 0 1 0 2 2 0 0 0 0 2 0 1 2 2 0 2 09 22 
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0 4 1 0 1 4 0 2 4 0 0 0 0 2 0 l 2 0 0 4 08 | 20 ; 
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0 4 0 0 2 4 0 2 0 2 0 0 0 2 2 0 2 1 1 4 (09 | 19 
0 3 0 0 0 0 0 1 2 0 0 0 0 2 0 0 2 0 0 3 13 | 21 4 
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ordinates. The number of chart squares traversed by this latter line was taken as 
the intensity of the band. (Each square on the chart used on the P.E.21 corre- 
sponds to | per cent of full scale.) This method of measurement inevitably led to 
some uncertainty in the case of bands which were just outside the arbitrary 0—4 
range. Any band more intense than standard 4 but giving measurements less than 
5 by this technique was therefore classified as 5. 

Owing to the possible complexity of absorption in the region 8 to 10 4 an 
exception was made in the case of the intense band occurring at 9-3 uw. In this 
case the shoulders of the band were taken as being the point of peak transmission 
near 8-5 uw and the point at which the band crosses the ordinate corresponding to 
10 4. These two points were joined to give the base-line and measurement of 
intensity then proceeded as before. 

The band intensities (I) assessed in this manner are recorded against wave- 
lengths in Tables 2, 4, and 6. In order to compensate in some degree for inevitable 
differences in the overall intensity of spectra, ratios of the intensities of three pairs 
of bands are also recorded. These are 


R, I,. 


71/16 

71 I, 

R; I, 

In view of possible variations in the arbitrary estimation of the intensity of the 
band at 6-9 uw, and of the disproportionate effect these variations would have on 
R,, the value of this ratio is expressed to the nearest whole number. 

The method described is largely a matter of expediency. While it is based 
remotely on the generally accepted method of obtaining a base-line by joining 
band shoulders it has no strict theoretical justification. Its only real justification 
is that it worked in practice and that differentiation by this technique was always 
substantiated by the methods of classical bacteriology. The apparent failure of 
Beer’s Law which is evident from the remarkable constancy of intensity of weak 
bands while there appear to be large differences in overall intensity, is due to the 
distortion of normal double beam operation by an iris diaphragm as described 
below. This results in the true 100 per cent transmission line being outside the 
limits of the recorder. Tests have shown that the true overall intensity did not 
vary by more than a factor of two and rarely varied as much as this. The actual 
intensity ratios of the bands labelled 1, 2, 3, and 4 on the empirical scale are 
apparently of the order |, 2, 4, 8 and thus the variations in overall intensities only 
rarely affected the empirical figures by more than | unit. For differentiation 
consistent differences of only one unit in one direction were not considered ade- 
quate, and reference to Tables 2, 4, and 6 will show that in the quoted cases 
observed differences were always outside these limits. In many cases the postulated 
ratios alone were sufficient for differentiation. 


Experimental 
Using micro-organisms as the sample in spectrophotometry imposes some 


limitations on the normal techniques. Organisms are always cultured in aqueous 
media, and, as bands of potential interest appear in the region in which 
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water absorbs strongly, it is necessary to examine the organisms in the 
form of dried films on a support which is impervious to attack by water. 
Also, in the case of pathogens, considerations of safety make it desirable to examine 
the organisms in a non-viable form. For these reasons the following procedure was 
adopted. 

The organisms were usually grown on slopes of tryptic meat agar (T.M.A.) 
or peptone agar (P.A.) in test tubes plugged with cotton wool and incubated at 
37°C for 24 hours, but these conditions were varied for particular experiments. 
The organisms were first grown for 18 to 24 hours and then subcultured on to a 
second slope to provide material for the sample. When this second slope had been 
incubated for the requisite period, the growth was detached by adding 0-5 ml. 
of sterile distilled water and rolling the tube gently between the hands. Every 
care was taken, both during inoculation and harvesting, not to detach any particles 
of medium. When the growth was freed from the surface of the medium, the tube 
was placed in an upright position and the suspension was pipetted into a sterile 


SLOT Smmx 2imm 
SLOT 3mm x 3mm 


25mm_DIA. 


Fig. 2. Holder to fit microcell adaptor. 


} oz. screw-capped bottle. The removal of the suspension from the slope was 
carried out as quickly as possible in order to limit the transfer of water-soluble 
components from the medium. The capped bottle was then completely immersed 
in a water bath at 60°C for 60 minutes to kill the organisms. This method of 
killing was used for all except spore forming organisms, the latter being killed by 
autoclaving in steam at 20 lb per sq. in. for 30 minutes. The heated suspensions 
were tested by subculture and incubation. 

When they had been shown to be sterile, the suspensions were standardized 
to a density which had been found convenient in initial experiments with Bacteriwm 
coli. This was found to correspond to 4 x 10° organisms per ml., and all sus- 
pensions were adjusted to an optical density corresponding to this concentration of 
Bact. coli irrespective of the organism being used. The standardization was done 
using BRowN’s opacity tubes [7]. In those instances in which the prepared sus- 
pension was less dense than the required standard, a correspondingly greater 
volume was used to prepare the film. The procedure when fluid media were used 
was essentially similar except that the bacteria were removed from the medium by 
centrifuging at 3,000 r.p.m. for 20 minutes in an M.S.E. medium centrifuge. 

0-6 ml. of the standardized suspension was placed on a piece of silver chloride 
23 mm x 6mm x | mm which was fixed symmetrically over the slot in the sample 
holder used for this work. This is illustrated in Fig. 2. It consists of a brass disc 
25 mm in diameter with a central slot 21 « 5 mm and two peripheral slots which 
engage in the guides of a Perkin Elmer micro-cell adaptor. The whole is heavily 
silver plated to avoid reaction between the brass and the silver chloride. The 
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silver chloride plate was mounted on the holder by means of a trace of a low melting 
wax. 

The suspension was dried by exposure to two 250 watt Osram Industrial Infra- 
Red Drying Lamps placed about ten inches above the holder. Care had to be 
taken to stop the heating as soon as drying was complete, as prolonged heating 
had been shown to give rise to changes in the spectrum. Under these conditions, 
drying took approximately ten minutes. A satisfactory film is colourless and 
transparent, whereas one which has been overheated is slightly brown and opaque. 
Films prepared in this manner have been shown to be stable for several days. 

The procedure for running the spectrum was as follows. The servo-amplifier 
was balanced with both beams of the instrument shut off. This adjustment had 
to be made before each run as a slight out-of-balance resulted in some traces of 
absorption due to water vapour appearing in the initial portion of the spectrum. 
This introduced small bands which could be confusing especially if the out-of- 
balance was such as to invert the bands and cause an apparent shift in their 
position. Once the servo-amplifier was balanced, both beams were opened, the 
sample film was inserted in the micro-cell adaptor, the wavelength was set at 11-5 yu 
and, by means of an iris diaphragm in the reference beam, the transmission was 
adjusted to just under full scale: about 95 per cent was normally adequate. 
The wavelength was then set to 5-5 uw to ensure that transmission was still below 
full seale. If transmission at 5-5 ~ was more than that at 11-5 uw, then the diaphragm 
was reset to give about 95 per cent transmission at 5-5 wu. The wavelength was then 
set to 5m, the recorder drive engaged and the paper and pen adjusted. The 
spectrum was then run, under the conditions stated above, to 15 yu. 


Table 1. 
Strains of coliform bacteria 

Bact. coli intermedius—Type I 

Bact. coli intermedius—Type II 

Bact. coli aerogenes Type I (N.C.T.C, 418) 
Bact. coli aerogenes Type II (N.C.T.C. 5938) 
Bact. coli anaerogenes (N.C.T.C. 4450) 

Bact. coli commune (N.C.T.C. 1100) 

Bact. coli commune (Bale) 

Bact. coli (Wade) 

Bact. coli Vi (Henderson) 

Bact, coli (American Type B) 

Bact. coli (Jepp) 

Bact. cloacae 


A word of warning must be uttered concerning silver chloride. The plates 
normally used were | mm thick. If plates much thinner than this are used inter- 
ference fringes are observed in the spectrum. These can be very misleading and 
tend to obscure relevant detail. Also, as silver chloride is very soft, it takes longer 
to polish than does rock salt. The polish tends to become embedded in the silver 
chloride, with the result that the plate acquires absorption bands not normally 
present. With one type of plastic polish the bands due to the polish which remained 
in the silver chloride were quite intense and had a marked effect on the spectrum. 
Using the techniques outlined above the claims of the original workers were 


308 


: 
= 
= 
/ 
7 


7 
4 


The identification of micro-organisms by infrared spectrophotometry 


tested with respect to the overall reproducibility of the spectra obtained; the 
ability of the method to differentiate between closely related strains and the effect 
of possible variations in the bacteriological part of the process. The reproducibility 
was checked initially on a single strain of Bacterium cloacae, but has subsequently 
been tested repeatedly during the experiments on other variables. Differentiation 
was tested on three groups of closely related organisms in order to subject the 
technique to as difficult a trial as possible. The first group comprised 12 coliform 
bacteria of broadly similar characteristics. These are detailed in Table 1 and 


Ta ble 3. 


Serologically identical strains of Pasteurella pestis 
y I 


Strain Characteristics 
L27 Virulent 
L36 Virulent 
437 Virulent 
Ml Avirulent oxyperine dependent mutant of MP6 
MP6 Virulent mutant of Ts 
Ti Avirulent tryptophan dependent mutant of Ts 
Ts Avirulent 
Java Avirulent—slow growing 
Soemedang Avirulent 


their spectra appended as Spectra 1-12. The second group was chosen as a more 


stringent test of ability to differentiate closely related organisms. Nine serologically 


identical strains of Pasteurella pestis were used, the names and inter-relations of 
which are shown in Table 3. The spectra are appended as Spectra 13-21. 

The final group was of strains of Salmonella typhi which are difficult and tedious 
to differentiate by the methods of classical bacteriology. The fourteen strains which 
were used are listed in Table 5 and their spectra are appended as Spectra 22-35. 


Table 5. 


Strains of Salmonella typhi 


Oxford Rawlings 
Allahabad Webb 

“H” 901 T6S 

Lister Chicken 

New Zealand “O” 901 
Watson Johns Hopkins 


“S” N.C.T.C. 3390 TY2 


In order to examine the effect of variations in sample preparation the spectrum 
of a suspension of bacteria prepared in the normal manner was compared with 
those of the deposit and supernatant fluid from the same suspension after centri- 
fuging, and with that of the deposit after washing once and three times with 
distilled water. The spectra of bacteria grown on peptone agar (P.A.), tryptic 
meat agar (T.M.A.) and in peptone water (P.W.) were compared. The influence 


of incubation time was investigated using incubation periods of 6, 17, and 24 hours. 


Some spectra were obtained using suspensions prepared with saline (0-85 per cent 


sodium chloride) instead of distilled water as the suspending fluid. 
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Discussion of results 
(a) Differentiation 

The intensities of bands in the spectra of the three groups of organisms examined 
are tabulated against wavelength in Tables 2, 4, and 6. For the purpose of this 
work differentiation has been established solely on the basis of band intensities. 
As mentioned earlier, consistent differences of one unit in band intensities in one 
direction only are not considered sufficient for differentiation. The values for the 
postulated ratios are also included in the Tables. It will be observed that in some 
cases these values differ so markedly that they alone would suffice for differ- 
entiation, but this is by no means generally the case. 

The spectra of the group of coliform bacteria listed in Table 1 were compara- 
tively easy to differentiate. This is apparent on examining Table 2. 

The closely related strains of Past. pestis produced spectra which were much 
more difficult to differentiate. This was particularly true in the initial stages of 
this investigation before the critical nature of the spectrometer adjustments had 
been appreciated. The differentiation finally achieved is shown in Table 4. It will 
be seen on examining this Table that the individuality of Ti, Ts, M1, and MP6 is 
clearly established despite the close inter-relationship of these strains. 

The differentiation of the strains of Salm. typhi presented if anything still more 
difficulty. It is of interest to record in this connection that whereas comparatively 
inexperienced persons have no difficulty in differentiating the spectra of the 
coliform bacteria, they find it impossible to differentiate the spectra within the 
Past. pestis and Salm. typhi groups. The group analysis of the strains of Salm. 
typhi is given in Table 6 and it is seen that using the measuring technique described 
above there is no doubt that the strains have in fact been differentiated. 

As a result of the tests which have been carried out on differentiation, and of 
the experience which has been gained of the dependence of reproducible differences 
on the critical adjustment of the spectrophotometer, we are now convinced that 
micro-organisms do exhibit spectra which are unique for individual strains. It 
was sometimes difficult to see the differences between spectra but initial failure to 
differentiate between two strains has always been shown to be due to a deterioration 
in the performance of the spectrophotometer. It should be emphasised that the 
whole aim of this work on differentiation was to demonstrate the individual 
character of spectra from closely related organisms. Initial failure to achieve this 
differentiation was therefore always taken as an indication of faulty instru- 
mentation, and conditions were made progressively more stringent until differ- 
entiation was achieved. The mental approach to these tests is thus the opposite 
of that which would exist when the establishment of identity of spectrum between 
an unknown and a previously examined organism was desired. Our experiences 
strongly underline the necessity for continual watchfulness to ensure that instru- 
mental efficiency is maintained. It has been found in work on infrared absorption 
spectra of chemicals, where instrument conditions are not nearly as critical as they 
are in this case, that slight drifts in instrumental efficiency do constantly occur. 
The main source of these drifts appears to be slight distortions of the Nernst 
filament, as efficiency is invariably restored on realignment of the optical system. 
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These drifts are not readily detected in the operation of double-beam spectro- 
photometers, unless tests are applied to detect changes in performance. The 
effect of such slight changes is magnified in this work owing to the spectrophoto- 
meter being operated under conditions which it can reach only at peak performance. 
If the instrument were worked under conditions which were less critical the effect 
of drifts would be less serious. As these less critical conditions can be achieved only 
by scanning much more slowly, it appears that the drifts will have to be accepted 
and a constant watch kept for deterioration in performance. 


(6) Reproducibility 
The reproducibility of spectra was checked in two ways in order to test two possible 
sources of variation. The reproducibility of the instrument was assessed by running 
replicate spectra from the same film of micro-organisms. The resulting curves 
were superimposable to within the thickness of the line over most of the spectrum 
and deviated by no more than one half per cent at points of maximum deviation. 
These points of maximum deviation always occurred in regions of high transmission 
and may have been due to short period variations in the servo-amplifier. However, 
these quantitative variations were not observed to cause any qualitative differences. 

Overall variations of both the instrument and the technique of sample pre- 
paration were checked by making replicate examinations of different preparations 
from the same suspension of micro-organisms. This check was carried out as a 
routine during the investigation of the strains of Salm. typhi. Although spectra 
differed markedly in a quantitative manner due to our inability to obtain uniform 
amounts of material in successive films, in no case was there any significant 
qualitative variation. 

The final test of reproducibility was carried out during the investigation of the 
effects of deliberate variations in the cultural conditions. In the course of these 
tests fresh suspensions of the same strains were prepared under standard conditions 
over a period of several months. Films prepared from these suspensions gave 
qualitatively identical spectra. This final test covers all the normal sources of 
variation which are likely to be encountered in the identification of micro-organisms 
by this technique. 


(c) Variations in sample preparation 


Comparison of the spectra of suspensions with those from the deposit and super- 
natant fluid after centrifuging the suspension showed that qualitatively they 
were identical. The spectrum of a deposit washed once with distilled water, after 
centrifuging, differed in several particulars from that of an unwashed deposit. 
Washing three times instead of once produced no further differences in the spectra. 
Washing with saline produced the same result as washing with distilled water. 
The bands in the spectrum which disappeared or altered in intensity on washing 
were bands which are prominent in the spectrum of washings from sterile peptone 
agar slopes. It is thus possible that the effect of washing the deposit is merely to 
remove readily soluble traces of the culture medium. 

This observation that the spectra from the deposit and the supernatant 
fluid were identical is one of potential importance. In the supernatant fluid the 
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chemical entities responsible for the absorption spectra of micro-organisms are 
present in aqueous solution. The application of standard physico-chemical 
methods to this solution may result in the separation of some of the components 
without any possibility of changes in chemical structure. The identification of the 
separated components by spectrophotometry and other methods would then give 
useful information on the chemical structure of the organisms. Paper chromato- 
graphy and paper electrophoresis offer particular advantages in this connection, 
as techniques have already been worked out for locating and obtaining the ultra- 
violet absorption spectra of spots without removing them from the paper. It is 
possible that similar techniques may be applicable to the infrared region of the 
spectrum. 

The appearance of these absorbing entities in the supernatant fluid poses the 
question of their origin. It appears likely that they are present as the result of 
some cell lysis during the heating of the suspension to kill the organisms. American 
workers have reported [8] that some components of bacteria are readily removed 
by washing with water and that this effect is increased by heating. They state, 
however, that it is only the polysaccharides which are removed in this manner 
whereas our experience was that the whole of the absorbing material appeared 
in the supernatant fluid. 


(d) Effect of variations in the culture medium 


This work was restricted to observations on Bact. cloacae only. This organism 
was cultured on peptone agar, tryptic meat agar and in peptone water. No 


significant variations in the spectrum were observed between suspensions from 
P.A. and T.M.A. cultures. The spectrum from P.W. showed significant differences 
but it was not possible to recover sufficient material from P.W. cultures to produce 
a spectrum of sufficient intensity to be of any real value. The fact that there was 
a difference apparent between P.A. and P.W. cultures of Bact. cloacae indicates 
that variations in the composition of the medium have an effect on the spectrum 
provided that the variations are sufficiently pronounced. 


(e) Effect of variations of the length of incubation time 

Bact. cloacae, Bact.coli commune (N.C.T.C. 1100) and Bact. coli (Wade) were incubated 
for 6, 17, and 24 hour periods and the spectra from their respective suspensions com- 
pared. No differences were detected between the spectra corresponding to the 
different incubation periods in the cases of Bact. cloacae and Bact. coli commune 
but some significant differences were noticed in the case of Bact. coli (Wade). 
This observation necessitates the rigid standardization of incubation period. 


The results of the tests already described establish that the claims of StevENsSON 
and BoLpvaN are in fact well founded. Some of the results of the application of 
these techniques to bacteriological research will be reported elsewhere. 
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The examination of nervous tissue by infrared spectrophotometry 
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Summary—A technique is described for the infrared spectrophotometric examination of 
nervous tissues; using this technique it has been possible to obtain reproducible spectra of 
brain, spinal cord, and sciatic nerve from rat and fowl. A method is also described for the semi- 
quantitative comparison of different spectra of these tissues. Remarkably consistent results 
have been obtained. Five absorption bands appear to be important, viz. 5-7 uw, 6-8 uw, 7-1 yu, 
7-2 w, and 13-9 « and differences in intensity of these bands may be observed in grey and white 
matter. It is suggested that some of these differences may be associated with the presence of 
myelin. 


Introduction 


The recognition of the chronic effects resulting from poisoning with some organic 
phosphorus compounds [1] and the demonstration that the onset of paralysis is 
accompanied by histological changes in the ascending and descending tracts of 
the spinal cord have focused attention on the study of myelination and demyeli- 
nation. Attempts to discover the metabolic changes responsible for the histological 
lesions have so far been unsuccessful. In order to try to obtain some indication of 
the changes involved in the poisoning process, it was decided to investigate the 
possible application of infrared spectrophotometry to this problem. This paper 
describes the techniques which have been developed for this purpose and gives an 
indication of the type of results which have been obtained. 

The application of infrared spectrophotometry to the study of biological 
materials is of comparatively recent origin [2, 3, 4]. The only serious attempt 
which has previously been made to study tissues by this means was made by 
Scuwarz and his co-workers [5, 6, 7], who claim, as a result of examining the 
spectra from frozen sections of various tissues, that in many cases it was possible 
to identify the organ by means of its spectrum. They also attempted an empirical 
correlation of some of the features of the spectrum with chemical structure. 


Experimental 
The present investigation was planned in three stages. First, experiments were 
organized to ascertain whether reproducible spectra could be obtained from 
nervous tissue. Once this had been demonstrated an attempt was made to identify 
features in the spectrum which could be shown to be characteristic of myelin, and 
finally these characteristics were used in an attempt to follow the processes 


resulting from the poisoning of chickens with diisopropylphosphorofluoridate 
(DFP). 


* Australian attached scientist from the Department of Supply, Chemical and Physical Research 
Laboratories, Marybyrong, Australia. 
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The spectrophotometer used in this work was a Perkin Elmer model 21 double- 
beam instrument [8, 9, 10]. A choice between single and double-beam instruments 
was available and the model 21 was chosen for the following reasons. During the 
examination of other biological material [11] it was found that the region of the 
spectrum which contained characteristic absorption bands lay between five and 
fifteen microns. The lower wavelength part of this region contains complex 
absorption bands due to atmospheric water vapour. When using a single-beam 
instrument the absorption spectrum of the sample is obtained superimposed on 
this complex water-band structure. Under these circumstances it is difficult to 
distinguish fine detail which is often significant. The double-beam instrument 
automatically compensates for this absorption, and also affords the possibility 
of compensating, to a greater or lesser degree, for the inevitably high loss of energy 
by scattering from the type of specimens used in this work. The automatic pro- 
duction of a direct percent transmission record by the double-beam instrument 
greatly increases the number of spectra which may be obtained in a given time, 
and thus enables a more detailed programme to be carried out than would be 
possible using a single-beam instrument. 


Preparation of samples 

Dissected tissues were prepared for examination in two ways, both tissue sections 
and tissue homogenates being used in the preliminary stages of this work. Tissue 
slices were cut, using a freezing microtome, in sections 100 yw thick. These 
sections were transferred to polished rock-salt plates by means of a cooled needle, 
and were then dried in a vacuum desiccator over phosphorus pentoxide. Previous 
workers [3, 5] have specified the use of silver chloride plates as supports for this 
type of material, as silver chloride is not attacked by moisture in the undried 
specimens. Silver chloride, however, both absorbs and scatters more energy than 
does rock-salt and in addition is both more difficult to obtain and to maintain. 
The possibility of using rock-salt has therefore been investigated and it has been 
found that the attack on the plate by water, while being readily perceptible, is not 
significant even when using homogenates. The overall transmission of plate and 
sample is much greater than with silver chloride. Rock-salt plates have therefore 
been used as the supports for the specimens throughout this investigation. 

The cutting of a section from frozen unfixed tissue, and the subsequent manipu- 
lations as outlined above, are difficult procedures which require much practice 
and are therefore not generally convenient for routine use. Fixing the tissue, by 
means of substances such as formalin, while facilitating the cutting of sections 
would also alter the chemical structure of the tissue and introduce further absorp- 
tion bands into an already complex spectrum. For these reasons unfixed tissue 
must be used when the chemical structure is being investigated. 

Another point to be considered in the use of tissue slices is the non-uniform 
character of the resulting film. This retains its original histological structure and 
has a chemical composition which may well vary from point to point. Whereas 
for some purposes this could be an advantage, for the present purpose it was a 
serious disadvantage. For example, in a sample of nervous tissue containing both 
grey and white matter, it is possible to produce widely varying spectra merely by 
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altering the orientation of the sample in the spectrophotometer and thus altering 
the relative amounts of grey and white matter in the beam of radiation. Becausé of 
this disadvantage it was decided to try and utilize preparations of homogenized 
tissue. 

The tissues were homogenized in a Potter-Elvehjem type of homogenizer [12], 
a specially constructed micro form of the apparatus being used for this purpose. 
Approximately 50-100 mg. of tissue were taken and homogenized with just suffi- 
cient water to form a thick cream which could be spread uniformly over the surface 
of the rock-salt plate. The resulting smear was dried in a vacuum desiccator as 
described for tissue sections. 

The dried specimens were mounted on a micro-cel] adaptor [11] and inserted 
neat the primary focus of the sample beams of the spectrophotometer. 


Spectrophotometer operating conditions 


The variable controls on the model 21 spectrophotometer were set to the following 
values— 


Resolution 1 (NaCl prism) 
Filter Out 
Gain 5-6 
Response 1-1 
Speed 1 minute per micron 
Suppression 0 1953/ 
f: Scale 1 inch per micron 


Partial compensation for the loss of energy, due to scatter from the specimen, was 
obtained by inserting an adjustable iris diaphragm in the reference beam of the 
spectrophotometer. This diaphragm was mounted on the exit window of the source 
housing, in which position it varied the overall intensity of the beam without 
significantly altering the geometry of the Nernst image on the entrance slit of the 
monochromator. The diaphragm was set, with the sample in position, to bring the 
recorder pen to 90°, transmission at a wavelength of 11-5 microns. The instru- 
ment was then run back to 5-5 microns and, if necessary, the diaphragm was 
readjusted to restore the pen to the paper. The spectrum was then run from 5-5 
to 15 microns under the conditions outlined above. 


Characterization of spectra 
In order to facilitate the comparison of large numbers of spectra from samples of 
varying thickness, a technique previously described in connection with the spectra 
of bacteria [11] has been employed. This consists of assessing the intensity of a 
band joining the points of peak transmission immediately upon either side of the 
band to form a base-line. The absorption peak is then joined to this base-line by a 
line parallel to the absorption ordinate (see Fig. 1). The number of half squares 
of chart traversed by this latter line is taken as the intensity of the band. 

The intensities of all bands observed in the spectra have been measured in this 
way. Five bands, at 5-7, 6-8, 7-1, 7-2, and 13-9 microns respectively, have shown 
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sufficient variations in relative intensity between different tissues to justify more 
detailed study. 

To compensate for variations in sample thickness, ratios were calculated 
between the intensities of appropriate bands. In this work the intensity of the 
band at 8-1 microns has been observed to remain relatively constant. It has 
therefore been used as the denominator in all these ratios. 
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Fig. 1. Measurement of band intensities. 


Results 
(a) Reproducibility 

Since the work on bacteria had shown that the characteristic differences in their 
spectra were of a completely different order from those normally encountered in 
infrared spectrophotometry, being in some cases only a factor of two or three 
above the noise level, it was obvious that the question of reproducibility of the 
spectra was of paramount importance. The investigation of reproducibility was 
therefore carried out in some detail, attention being focused in turn on each of the 
likely sources of variation. These were considered to be the overall spectrophoto- 
meter variability, variations in the sample and its preparation and, finally, varia- 
tions in the tissue from animal to animal. 
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Instrument reproducibility was tested by running replicate spectra of the same 
preparation. The resulting spectra (curves) were found to be superimposible to 
within the thickness of the trace. 


% TRANSMISSION 


T = 
= i i | 
| 


i 


10 
WAVELENCTH MICRONS 


Fig. 2. Spectra of fow! spinal cord. 
Upper: Section 100 4 


Lower: Film from homogenate. 


Sample reproducibility was determined by obtaining spectra from several 
preparations of the same sample. These spectra were found to be qualitatively 
identical. Owing to variations in the thickness of preparations there are overall 
quantitative differences between the spectra. However, as will be shown later, it 
has been possible to compensate partially for these variations by the calculation 
of ratios as mentioned above. 

The reproducibility of spectra from the same tissue taken from different 
members of the same species was also investigated. In this case it was found that 
the spectra were qualitatively identical. 

It was during this investigation of the reproducibility that the advantage of 
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using homogenized preparations of tissue became apparent. Using preparations 
composed of sections of tissue it is difficult to ensure that in comparing sections 
from the same tissue the identical portion of the section is in the beam in both 
cases. Any variation in anatomical composition tends to be emphasized when 
using sections, for this reason. Using homogenates, however, the anatomical 
variations are averaged over the whole sample. This difference is illustrated in 
Figs. 2 and 3. 
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Fig. 3. Spectra of successive sections from fowl cerebellum. 


Fig. 2 shows spectra obtained from a tissue section and a homogenate of 
equivalent areas of fowl spinal cord. Despite the close agreement between the two 
spectra small variations in the relative intensities of certain bands may be observed, 
e.g. 5-7 and 7-1 yw. As will be demonstrated later, such variations can be 
correlated with variations in the relative proportions of grey and white matter in 
the tissue. 

Fig. 3 shows a series of nine spectra taken from successive sections of the fowl 
cerebellum. The first section was taken from the upper region which contained 
predominantly grey matter. Succeeding sections showed variations in the relative 
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Table 1. Intensity ratios of white matter (x 10) Reference band 8-1 yu 


Bands 


Spinal Cord 


Cerebellum 


te 
wn 


| 


Spinal Cord 


l 
2 
2 
3 
2 
2 
2 
2 
2 
2 
l 
2 


Cerebellum 


| 


proportions of grey and white matter, sections 6 and 7 having the highest pro- 
portion of white. It can be seen that a correlation exists between variations in the 
spectra and these variations in the composition of the tissue section. Although 
this could be turned to advantage in studying the detailed composition of the 
cerebellum it was a marked disadvantage in this investigation. Therefore after 
the preliminary stages homogenized preparations were used throughout. 

During this study of reproducibility and of the correlations between tissue 
section and tissue homogenate preparations, all spectra obtained were assessed 
by measuring the band intensities by the method described. It was observed that 
the ratios calculated using the intensity of the band at 8-1 ~ as denominator 


tissue | 
= | 57 | 6-8 | 71 | 7-2 | 13-9 
ne Rat | s | nu |] 3 | 4 | 2 | 
| 9 | | 5 3 
Fowl ll 4 | 
s | u | 
he 3 | 5 
| ll 9 | 5 
10 | 5 : 
10 il 4 
| 8 4 VOL. 
sas | 8 12 4 6 
12 4 | 195 3/ 
| 12 5 
12 | WW 4 | 
9 10 3 
ae 8 10 | 5 | 3 
8 12 5 | 3 
Human 
. Brain 8 10 2 4 3 
a 5 9 3 4 2 
a 6 10 2 4 2 
‘i 8 il 3 5 4 
7 10 2 4 3 
| 4 10 2 3 2 
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Table 2. Intensity ratios of grey matter (x 10) Reference band 8-1 yu 


Source of 


Cerebellum 


Fowl 
Cerebellum 


an 


| 
t 
| 


a 


were remarkably constant for preparations of similar anatomical composition. 
The general utility of these ratios both as a means of affording partial compensation 
for variations in the sample thickness and as parameters for the identification 
of tissue composition, was tested in the following manner. Samples of grey and 
white matter were dissected out from the nervous tissues of various species and the 
intensity ratios calculated from the relevant spectra. The results are tabulated in 
Tables | and 2. 
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Bands 
tissue 
5-7 | 68 741 72 | 13-9 
l 3 7 0-4 0-4 
1 | 4 6 0-7 0-7 
l 4 | 6 0-4 0-4 
6 0 0-6 
l 7 7 0-5 0-5 
4 6 0-6 0-6 
| | | 
0-3 0-6 
0-3 0-6 
0-3 1-0 
0-5 2-1 
0-3 0-7 
0 1-0 
0-4 1-4 
ye 0-4 0-8 
Mouse | 
Brain l | 4 - 0-7 0 
1 3 6 0-4 0 
l 4 7 | O83 0 
Human 
Brain 11 0-4 0-8 
8 0-7 
| 1-3 
6 0-5 0-9 
8 0-6 0-6 
7 0-3 0-6 
7 0-9 
‘ 9 | 0-9 0-9 
6 | 20 1-0 
5 | 0-4 | 0-4 
| | 10 OS 
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In Table 1 the values of the ratios for the five bands mentioned above are 
recorded for white matter. Without stressing the quantitative significance of 
these figures their uniformity is surprising, particularly in the case of bands at 
6-8 and 7-2 uw. The variability in the ratio involving the band at 5-7 yu is partially 
due to the difficulty in measuring the intensity of the 5-7 band to any degree of 
accuracy, as it is situated on the side of an intense band and it is accordingly 
difficult to define the band shoulders. 

Table 2 shows similar results for grey matter. While the uniformity of these 
results is still marked it is not so outstanding as that for white matter. This may 
be due in part to the fact that while it is usually easy to obtain samples of white 
matter uncontaminated with grey, all grey matter has more or less white matter 
intimately associated with it. 

In view of the uniformity of these results it appears justifiable to take the 
mean values of the ratios for the various bands and to use these values as infrared 
indices for these two tissues. These mean values are recorded in Table 3. As will 
be seen these indices give a clear differentiation between the two tissues. Exami- 
nation of Fig. 3 will show that a quick preliminary differentiation can be made by 
comparing the relative intensities of the bands at 6-8 and 7-1 uw. In grey matter 
these bands are approximately equal in intensity, with the band at 7-1 if any- 
thing the stronger of the two. In white matter on the other hand, the band at 6-8 
is markedly the stronger. 


Table 3. Mean values of intensity ratios for grey and 
white matter (x 10) Reference band 8-1 


Grey 


White 


The final objective of most infrared studies of this nature is to correlate the 
spectrum with definite molecular groupings. In general this is done by comparison 
with the spectra of compounds of known chemical structure. In biological materials 
of the type under consideration the chemical structure is unknown, and where 
clues to the structure are available the compounds involved are usually so complex 
that samples of known structure are unobtainable. Under these circumstances 
correlation by direct comparison becomes impossible. It is however possible to 
obtain a degree of correlation in some cases by an indirect approach and such has 
been attempted in this instance. 

In considering the differences which have been found between the spectra of 
grey and white matter, assistance can be obtained from known structural (histo- 
logical) differences between these two tissues. It is known that white matter is 
rich in myelin while grey matter contains little of this material. It is therefore 
possible that at least some of the differences observed between the spectra are due 
to the presence of myelin in white matter. The chemical structure of myelin is 
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still unknown and it is impossible to obtain a pure sample of this material. How- 
ever it has been demonstrated histologically that myelin is absent from nervous 
tissue in the young animal and is laid down during growth. Thus a comparison 
of the spectra of the spinal cord of the young and adult rat should also yield 
evidence of the spectral characteristics of myelin. The spectra of the spinal cord 
of a three day old and an adult rat are shown in Fig. 4. 
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Spectra of tissue from rat cerebellum. 
Upper trace: 3 day old rat. 
Lower trace: Adult rat. 


Table 4. Intensity ratios for rat spinal cord (x 10) Reference band 8-1 yu 


| 
Rat age 5-7 6-8 71 
| 


3 Days 1 5 10 0 0-4 


Adult 


Lie 
) 
Z 
| 
7-2 13-9 
10 9 3 5 | 38 
| | 
| 
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Measurement of the band intensities by the standard procedure and calculation 
of the usual ratios gives the figures shown in Table 4. Comparison of these figures 
with the average figures for grey and white matter given in Table 3 indicates 
remarkably good general agreement. It is thus reasonable to assume that the 
spectral differences noted between the specimens of typical grey and white matter 
are due to the presence of myelin in the white matter. 


Discussion 

This investigation has shown that consistent infrared spectra can be obtained from 
nervous tissue. The consistency of the band ratios, calculated for grey and white 
matter taken from various tissues and species, demonstrates the potential value of 
this technique for the examination of material of this nature. This confirms the 
general finding of Schwarz and his co-workers. However, in some ways, this 
investigation fails to substantiate some of ScHwarRz’s claims. We have failed to 
recognize the presence of any bands in the spectrum which can be designated as 
specific for a particular tissue, whereas ScHwarz claims to be able to differentiate 
between tissues. Our work has, however, been limited to nervous tissue, whereas 
ScHWARz examined a wide range of tissues. 

Some differences of detail have also been noted. Scuwarz claimed that the 
most significant bands for this work were those at 9-3 uw and 10-3 uw. In nervous 
tissue we have found little change in 9-3 ~ band; in young animals it certainly is 
shifted slightly to 9-2 4, but Scowarz claims that it changes markedly and in the 
same case moves to 9-5 uw. We have observed no significant change in the 10-3 yu 
band. 

ScHWwarz on the other hand has not reported changes in the 6-8-7-2 uw region. 
This may well be due to the fact that he used a single beam instrument, the water 
vapour absorption in which would mask the 5—7 yw region. It is possible that the 
other discrepancies between his work and ours are due wholly or in part to dif- 
ferences in technique. 


Acknowledgment is made to the Chief Scientist, Ministry of Supply, and to the 
Senior Representative, Australian Department of Supply, for permission to publish. 


All illustrations are Crown copyright and are reproduced by permission of the 
Controller, H.M.S.O. 
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SPECTROCHEMICAL NOTES 


Double-chamber electrode for spectrochemical determination of chlorine 
and other halogens* 


Lats HeLena DE Parva Azevepo,! Atston W. Specut® and R. S. HarRNER 
U.S. Geological Survey, Washington, D.C. 


(Received 3 August 1953) 


Summary—A double-chamber, graphite electrode, suitable for d.c. are determination of halogens 
by means of the alkaline earth halide bands, is described. An upper chamber holds the alkaline 
earth compound and an interconnected, lower chamber holds the halogen compound. 

This arrangement assures that there will be an abundance of alkaline earths in the are by 
the time the halogen is volatilized from the lower chamber, and thereby promotes maximum 
emission of the alkaline earth halide bands. 


Introduction 
Electrodes of many different shapes, useful for spectrochemical analyses of various materials, 
have been described (CHURCHILL [1], SHaw et al. [2], and Owen [3]). In connection with 
the spectrochemical determination of chlorine in insecticides by means of the 5934A CaCl 
band (AzEvEDo and Specurt [4]) it was found necessary to develop an electrode of new 
design, wich is described in this note. 

A basic difficulty in this analysis arises from the great difference in volatilities of calcium 
and chlorine out of the usual cupped electrodes. Chlorine is so volatile that it enters the 
arc before any appreciable amount of calcium is volatilized. In order to obtain strong 
emission of the CaCl band both elements must be present simultaneously in the arc. The 
double-chamber electrode, described in this note, makes this possible by providing an 
upper chamber from which calcium is volatilized into the arc from the beginning of the 
burn, and a lower sample chamber from which chlorine is released somewhat later. 

The use of alkaline earth-halogen bands for the spectroscopic (visual) detection of 
fluorine, chlorine, and bromine in minerals by means of the ordinary cupped electrodes 
has been described by Jarre [5]. The spectrographic determination of fluorine by means 
of the CaF and SrF bands was discussed by AHRENS [6]. The book by PEarsE and Gaypon 
[7] contains description of all molecular bands found up to 1950. 


Description of double-chamber electrode 
A drawing of the electrode showing all of the pertinent dimensions is given in Fig. 1. 
The larger component of the electrode is made from a 24-mm length of regular-grade 
graphite rod with a diameter of 7-9 mm (B of Fig. 1). A tapered hole is drilled in one end 
so that the electrode may be mounted on a pedestal as shown. A compound hole with a 
total depth of 12 mm is drilled at the other end. The lower 5 mm of this hole has a diameter 
of 5-5 mm, and the upper 7 mm has a diameter of 6-4 mm. 

The two different diameters result in a ledge on which the small component of the 
electrode rests (A). The small component is made from a 7-mm length of a regular-grade 


* Publication authorized by the Director, U.S. Geological Survey. 

! Present address: Instituto Biologico, Sao Paulo, Brazil. 

? Bureau of Plant Industry, Soils, and Agricultural Engineering, U.S. Department of Agriculture, 
Beltsville, Md. 


331 


ie 


Spectrochemical notes 


graphite rod with a diameter of 6-4 mm. It has a chamber of 4-mm diameter and 4-mm 
depth, and the floor of this chamber is perforated by a smaller hole 1-2 mm in diameter. 
The chlorine-bearing material, preferably mixed with a calcium compound, such as 
CaHPO,.2H,0, is weighed and placed in the bottom of the compound hole, which will 
hereafter be referred to as the “lower chamber.”’ Dilution of the chlorine-bearing material 
with a calcium salt serves to facilitate weighing of microgram quantities of chlorine. The 


SS 

| 


~ 


Hu 


ASSEMBLED ELECTRODE 


Fig. 1. Double-chamber electrode. All dimensions in millimetres. 


Upper chamber. 
Large component with the lower chamber. 
Upper electrode. 


Pedestal. 


Saws 


smal! component is then fitted into the large component and 5 mg of the same calcium salt 
is placed on the floor of the chamber (hereafter called upper chamber) of the small com- 
ponent, care being taken to avoid dropping the salt down the central perforation. 


The conditions under which the double-chamber electrode was used follow: 


Voltage: 240 d.c. 
Amperage: 24 
Polarity Double-chamber electrode as anode. Pointed, 3-2 mm diameter 


cathode 
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Spectrograph: Bausch and Lomb Littrow, glass optics 
Spectral range: 5934A band line in middle of plate 
Plate: 

Developer: Eastman DK-50, 5 min at 20C. Kodak acid fixer 


A moving plate study was made in which a spectrum was photographed every 2 seconds 
for a total of 20 seconds. Strong lines of calcium were present in the first four spectra, 
representing a burning time of 8 seconds. The CaCl band appeared only in the second and 
third steps, so a total exposure of 6 seconds is sufficient for recording this band. 

The manner in which the double-chamber electrode functions seems to be as follows: 
the calcium in the upper chamber starts to volatilize as soon as the arc is ignited. Two 
seconds later the lower chamber becomes sufficiently heated so that the chlorine-bearing 
compound is decomposed. Chlorine passes up through the perforation in the small com- 
ponent of the electrode, enters the calcium-rich arc, combines with calcium, and emits 
the CaCl band. 

In addition to the moving plate study, the distribution of the CaCl band along the 
entire length of the are column was studied by focusing the arc image on the full length of 
the slit to obtain the spectrogram. The spectrogram showed that CaCl emission was not 
localized in the region of either electrode but rather occurred uniformly throughout the 
arc. Therefore, any region of the arc column may be used in the analysis. 

The performance of the double-chamber electrode may be illustrated by some data 
for chlorine reported previously by Azevepo and Specut [4]. With dichlorodiphenyl- 
trichlorethane (DDT) as the chlorine bearing material, the limit of sensitivity was found 
to be 48 micrograms of chlorine in the electrode. The coefficient of variation, based on 
10 arcings of four standards in the range of 64 to 112 micrograms ranged, between 16 and 
42 per cent. 

Application 
The double-chamber electrode should be useful for the determination of halogens other 
than chlorine when similar band emissions, such as those of CaBr and BaBr, are utilized [5]. 
In a preliminary, qualitative study by means of the electrode when ammonium halide is 
placed in the lower chamber the following bands have been obtained: CaF 5291-0A, 
CaBr 6252-9A, and Cal 6388-8A. The use of these and other bands in quantitative 
analysis is being currently studied and will be the subject of a future paper by the senior 
author. The electrode seems worthy of consideration whenever it is necessary to have 
elements of different volatility present simultaneously in the arc. 
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Spectrochemical Note 


Notes on electrode preparation 


P. B. ZEEMAN 
The Merensky Institute for Physics, University of Stellenbosch, South Africa 


(Received 5 March 1954) 


|. A new cutting tool for motor driven electrode cutters 


In quantitative spectrographic analyses it is essential to keep the various parameters 
constant from one exposure to the next. When the direct current arc is used, the material 
to be analysed is filled into the cavity of the lower electrode without weighing each sample. 
This procedure necessitates the use of accurately shaped electrodes. In this article a 
cutting tool is described by means of which electrodes can be accurately reproduced. 

The cutting tool shown in Fig. | is made to fit into the cutter holder of a modified 
A.R.L. electrode cutter described by StrRasHErM {1}. It consists of the three parts A, B, 
and ( shown in Fig. |. Part A has two cutting edges and is used to cut the electrode to the 
proper outer diameter. Part B is an ordinary high-speed steel drill of proper diameter to 
drill the cavity of the electrode to the required dimensions. Part C is a small hollow 
cylinder with two cutting edges to finish off the front sides of the cavity wall. 

The drill can be inserted through part C which in turn fits into part A. Both these parts 
are pressed against the farther side of part A by means of a screw which passes through a 
slot milled in the front side of part C. 

By adjusting the position of C relative to A, the length of the cut portion of the electrode 
can be varied. Also by varying the length of the drill the depth of the cavity can be altered. 
In order to change the wall thickness it is only necessary to make a new part C' and insert 
a drill of the proper diameter through it. 

The cutter can easily be shaped on a milling machine. The sides of part A are strong 
enough to necessitate the tempering of only the front 6mm of part A. Accordingly 
warping is almost completely excluded. This fact greatly increases the accuracy with which 
the electrodes are cut. The front portion of part C is also tempered. 

It is of great importance that the cutting edges of parts A and C are very sharp to 
minimize loss due to breakage of electrodes. Since the cutter is demountable the cutting 
edges can be sharpened easily whenever it becomes necessary. For carbon electrodes it is 
advisable to have the cutting edges made from tungsten carbide. 

The dimensions of the electrodes cut with this instrument and used in this laboratory 
are shown in Fig. 2. In order to cut the upper electrode the drill is removed and replaced 
by a small metal rod of equal diameter having a flat cutting edge. Hence the same tool 
can be used for cutting the upper and lower electrodes. 

In conclusion the writer wishes to point out that the cutter holder of the instrument 
used is not a self-centering chuck, but only a cylindrical piece of metal into which the 
cutting tool is inserted and clamped by means of two screws. Careless clamping of the 
cutting tool may result in a remarkable variation of the wall-thickness of the electrode 
cavity. In order to minimize this defect it is best to clamp the cutting tool in such a way 
that the pressure is exerted on it in a direction perpendicular to the cutting edges. 

The writer wishes to express his sincere thanks to Mr. O. B. F. TevTesera, instrument- 
maker of this Institute, for designing and making the cutting tool. 
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Fig. 1. The modified cutting tool. A, B and C are the component parts and D shows the assembled 
tool. 


, 
3/5 
/ 


d 
“ 
= 
VVUle 
6 
vA 
i. 
3 
i 


Spectrochemical notes 


2. A modified Soxhlet apparatus for the purification of carbon and graphite electrodes 
It is well established that it often pays much better to buy commercial carbon and graphite 
electrodes for spectrographic analyses rather than highly purified and extremely expensive 
carbons. Various methods [2] have been devised to purify commercial carbons either by 
wet chemical methods or by heating the electrodes to very high temperatures in vacuum 
or in an atmosphere of a suitable gas. 

When the electrodes are purified chemically they are first cut to size, and hence there 
is less chance for contamination from subsequent handling [3]. For this type of purification 
the method of Staup and RUEHLE [4] is widely used. The shaped electrodes are preheated 
to redness in a silica dish, placed in a pyrex flask containing | : 1 H,SO,, and then refluxed 
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Fig. 2. Dimensions and forms of the electrodes used with the d.c. arc. 


for twenty-four hours. Refluxing is followed by a wash by decantation and by boiling in 
distilled water. After a final wash, the electrodes are again heated to a bright redness in a 
silica dish. 

A great weakness of this method, besides the possible silica contamination during the 
heating processes in the silica dish, lies in the fact that the released impurities remain in 
contact with the carbons and hence re-adsorption may take place to a great extent. When 
extraction takes place in a Soxhlet type of apparatus the solution containing the impurities 
is removed regularly from the carbons; thus excluding the possibility of re-adsorption [5}. 

In the ordinary Soxhlet apparatus, shown in Fig. 3(a), electrodes must be extracted 
for several days to effect purification [5]. The author has found that pieces of graphite 
facilitate smooth boiling of 1 : 1 nitric acid, and especially of distilled water much better 
than the traditional glass beads. While the ordinary Soxhlet apparatus can be used with 
advantage for electrode-purification a few alterations seemed advisable in order to obtain 
higher efficiency and speed. Accordingly the writer designed a new vessel B, alternative 
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designs of which are shown in Figs. 3(b), 3(c), and 3(d). When the acid in A boils the hot 
vapour now passes via tube D through the cut electrodes in flask B. Partial condensation of 
the vapour takes place at the bottom of flask B and the rest in the reflux condenser fitted 
at C. When the acid reaches the level Z in the figures, it syphons via tube F back into 
flask A. This tube, which has an outside diameter of 8 mm or less, dips into the acid in A. 
The tube G connects tube F to flask B as is shown in the figures in order to obtain atmo- 
spheric pressure in tube F’. This is essential in order to obtain the same level for the liquids 
in flask B and tube F. The dimensions of tube D must be such that the liquid in B does 
not flow back to A through it when the apparatus is working. It was found that a tube of 
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Fig. 3. 


Original and modified Soxhlet extractors. 


about 6 cm length and inside diameter of 0-4 cm was suitable for use with a 400-watt heater. 
It is further essential that tube F ends not less than 3 cm above the bottom of vessel A 
in order to prevent too much bubble formation in it. If it reaches to the bottom small 
quantities of acid from flask A are occasionally forced via tube F into flask B. 

The design shown in Fig. 3(b) is the easiest form to make in an all-glass apparatus. 
This type, and the one shown in Fig. 3(c) gives more agitation as well as being easier to 
make than the design in Fig. 3(d). It is advisable to thicken the walls of the upper ends 
of tube D in types 3(b) and 3(c). 

The advantages of this apparatus over the ordinary Soxhlet are the following: (a) The 
acid can continually react with all the electrodes in flask B. This happens because the 
vapour enters from below and rises upwards through the electrodes. (b) The vapour which 
enters flask B is at the boiling point of the acid. The extraction of impurities thus takes 
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place at a much higher temperature than in the ordinary Soxhlet apparatus. (c) The 
electrodes are continually agitated by the vapour bubbles passing through them. All help 
to produce more thorough and even purification. 

It was found that CHampion and Rinesporrr electrodes could be further purified in 
the new apparatus by extracting them for about twelve hours in nitric acid of boiling point 
110°C. The nitric acid was then replaced by distilled water which was introduced straight 
into flask A. This precaution is necessary in order to avoid the adsorption of any im- 
purities which might still be in the distilled water obtained from a commercial distilling 
apparatus. The distilled water was changed a few times during the subsequent extraction 
which lasted about twelve hours. The electrodes were then dried and used. 

The electrodes had the dimensions and shapes shown in Fig. 2 and were burned in a 
low-voltage d.c. are taking 13 amp. The exposure time was 60 to 90 seconds. During this 
time the walls of the cavity of the lower graphite electrode burned away almost completely. 
Exposures taken on Ilford Thin Film Half-Tone plates showed that the following lines 
disappeared from the purified electrodes: Ca 3933-67, 3968-47, 4226-73; Mg 2795-53, 
2802-70, 2852-13; Fe 3020-64; Cu 3247-54, 3273-96; Si 2506-90, 2514-33, 2516-12, 2519-21, 
2524-12, 2528-52 and occasionally also Si 2881-58 A. Boron is not removed by this method. 

The writer wishes to express his sincere thanks to Mr. G. H. K. Gireen, the chief 
instrument-maker of our Institute, for helping with the design and for building the apparatus. 
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ANNOUNCEMENTS 


NOTICES OF MEETINGS 


Society for Applied Spectroscopy 
Ninth Annual Meeting 
May 27-28 1954. New York City 


Papers presented at this meeting were: 

Isotope Analysis by Emission Spectroscopy—J. R. McNatiy, Jr., Oak Ridge National 
Laboratory. 

An RF Linear Decelerator Mass Spectrometer—W. Donner, Beckman Instruments, Inc. 

The Reflection of Infra-Red Radiation from Free Liquid Surfaces—E. D. McALisTER, Eastman 
Kodak Company. 

Sensitivity of Detection of Heavy Water by Infrared Spectroscopy—-W.. ALEXANDER PATTERSON, 
Baird Associates, Inc. 

Importance of Collision Process in Spectrochemical Analysis—L. E. Strock, Sylvania Electric 
Products, Inc. 


A New Multichannel Direct Reading Spectrograph—F. Brecu, F. A. MCNaAtiy, and L. P. NEAL, 
Jarrell-Ash Research Laboratory. 


A Raman Spectrometer Assembled from Standard Components—S. M. Davis, R. F. Stamm, 
G. L. Rover, and H. C. Lawrence, American Cyanamid Company. 

Progress of the X-Ray Spectrograph—F. A. Bexur, North American Philips Co., Inc. 

Analysis of Non-Ferrous Alloys by the X-Ray Spectrograph—G. L. Crumrine, North American 
Smelting Co. 

Determination of Metallic Elements in Nonmetallic Matrices—A. 8S. Sourkus, Applied Research 
Laboratories. 

A New Spectrophotometer for Use with Volumes of 0-01-5 Millilitres—F. Brecu and D. Guiick, 
Jarrell-Ash Co. 

Some Applications of the Micro-Volume Technique to Emission Spectrochemistry and Metal- 
lurgy—J. K. Hurwitz, Mines Branch, Ottawa, Ontario, Canada. 

Some Notes on the Illumination of the Spectrograph—R. H. Bett, Lucius Pitkin, Inc. 

Weighing Pipet Method for Preparing Infrared Gas Standards—F. Pristera, Picatinny Arsenal. 

An Evacuable Die for the Pressed Potassium Bromide Technique—H. Hausporrr, The Perkin- 
Elmer Corporation. 

The Performance of the Perkin-Elmer Model 21 in the Spectral Region 210 to 2300 milli- 
microns—V. J. Coates, T. Mitver, A. Savitzky, The Perkin-Elmer Corporation. 


Novel Solution Excitation Apparatus for Spectrochemical Analysis of Alloys—S. MrLuman 
and H. Krirtcuik, General Electric Co. 


50,000 Sources of Excitation—J. T. Rozsa and O. W. Usuccini, National Spectrographic 
Laboratories, Inc. 


The Application of the Recording Spectrometer to Emission Spectroscopy—F. B. Gray and 
V. 5. Unperkorr.ier, Leeds and Northrup Company. 
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American Association of Spectrographers—Fifth Annual Conference 


Symposium ON Direct Reapinc Emission SPECTROSCOPY 


The above symposium was held in Chicago, Illinois, on May 7, 1954. The 
papers presented were as follows: 


Application of the Direct Reading Spectrometer for the Analysis of Low and High Alloy 
Cast Irons—L. E. Harper, Campbell, Wyant & Foundry Company. 


Direct Reader on Stainless Steels—Haroip C. Brown, ARMCO Steel Corporation. 
Analysis of High Alloy Steels—J. H. Jurmarn, Baird Associates, Inc. 


Quantometric Analysis of Aluminum Alloys Using Molten Electrodes—Frankun R. 
Potrer, Aluminum Company of America. 


Versatility of Direct Reading Spectrometer—L. 8. McNem and A. F. Ernester, Ford 
Motor Co. 


Determination of Metallic Elements in Nonmetallic Matrices—A. A. SHurkus, Applied 
Research Laboratories 


Quantometric Determinations of Metallic Elements in Lubricating Oil Blends—P. A. 
AsserF and L. L. GrresHammer, Lubrizol Corp. 


Instrumental Flexibility of Direct Reading Instruments—J. L. SaunpERrson, Baird 
Associates, Inc. 


A New Multichannel Direct Reading Spectrograph—Freperick Brecu, Jarrel-Ash 
Company. 
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Book review 


Molecular Spectra. I. Selection Rules for Vibrational Spectra of Polyatomic Molecules, by 
Forrest F. CLEVELAND. Published by the Spectroscopy Laboratory, Illinois Institute of Tech- 
nology, Chicago, Illinois, September, 1953. Price $0.75. Mimeographed, 21 + iii pages, in 
Interlingua. 


This valuable monograph, written in the international language, Interlingua, explains in a 
concise way the methods for obtaining selection rules for infrared and Raman spectra of poly- 
atomic molecules. Character tables for various groups are given, and the selection rules for 
fundamentals, combinations, and overtones are tabulated for a large number of molecular 
symmetries. 

Although most of the subject matter presented in this monograph has appeared in standard 
reference works and journals, a fair fraction of the tables, obtained from the work of students in 
the classes of Professor CLEVELAND, have not appeared previously. The material contained in 
this monograph has been published in serialized form during the period 1952-53 in the monthly 
bulletin “Spectroscopia Molecular” (Interlingua), edited by Dr. CLEVELAND. 

The arrangement of subject matter is as follows: 


1. Introduction. References on group theory and applications. 
Fundamentals. Infrared and Raman activity. 
3. Combinations. 
. Overtones (non-degenerate). 
5. Overtones (degenerate). 
Number of fundamentals of each type. 
. Accidental degeneracy. Fermi resonance. 
. Character tables for various groups. 
. Selection rules for lmear molecules. 
10. Tables of selection rules for various symmetries. Fundamentals, combinations, and 
overtones. 
11. Indices. Subject, author, group, molecule. 


The book is carefully documented throughout, with full references to the original literature. 
Credits are also given to the various students who helped with the tables. 

Unfortunately, it is not stated clearly whether or not the tables (especially those of the im- 
portant Chapter 10) have been independently checked by the author for possible errors. 

One very helpful feature of this book is the use of specific examples throughout as an aid to 
the exposition. Examples of specific molecules of various symmetry types are also given; 
these are indexed for easy reference. A complete subject and author index as well as an index of 
groups is appended. 

This small monograph should certainly prove to be a very useful reference for all those 
interested in molecular spectroscopy. It will undoubtedly serve as an important teaching aid 
as well. 

Perhaps the comment most indicative of the value of this book is that of one spectroscopist 
(who shall remain anonymous) who ventured the hope that some kind person would translate it 
into English. 

Ricwarp B. BERNSTEIN 
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Direct reading spectrochemical analysis with a rapid-scanning spectrometer 


K. Breum* and Vetmer A. Fassen 


Institute for Atomic Research and Department of Chemistry, 
Iowa State College, Ames, lowa 


(Received 17 September 1954) 


Summary—The optical, mechanical, and electronic features of a rapid-scanning spectrometer 
for direct reading spectrographic analysis are described. In this spectrometer the spectra are 
rapidly and repeatedly scanned past a single exit-slit, detector assembly, and the individual 
voltage pulses arising from the particular lines to be measured are electronically isolated, 
measured, and time integrated. Components of the instrument which are described in detail 
are as follows: a linear, variable-speed scanning mechanism; circuits for the cathode-ray tube 
presentation of wavelength versus intensity traces, or actual line spectra; circuits for the 
electronic isolation of the spectral lines of interest, i.e., master trigger pulse generator and 
circuits for the delay univibrators, gate univibrators, gate position indicator, and gated ampli- 
fiers; the spectral line intensity or pulse-height measuring unit with its associated scaling 
circuits and pulse counters; and an automatic intensity ratio computer and recorder. Typical 
analytical results obtained with the present version of the instrument for flame, d.c. arc, and 
spark discharges are described. 


1. Introduction 


Virtually all extant commercial control and research instruments for the direct 
measurement of spectral-line intensities and intensity ratios employ a separate 
exit-slit and multiplier-phototube for each spectral line which is measured. The 
resulting photocurrents are integrated over the exposure period by suitable 
means [1, 2,3]. This basic approach has been very fruitful, and reliable instruments 
for rapid spectrochemical analysis are commercially available. 

There are, however, certain basic limitations imposed by this technique. As 
interest develops in simultaneously measuring a large number of spectral lines 
in a rather small region of the spectrum, the problem of positioning many exit- 
slits, reflecting mirrors, and phototubes in a restricted space assumes primary 
importance. Also, the uncontrollable, time-dependent variations in the photo- 
sensitivity among the phototubes make it necessary to perform frequent recali- 
brations to preserve analytical accuracy. Other disadvantages inherent in existing 
approaches are: the difficulties involved in precisely centering the exit-slits on 
the spectral lines which are to be measured; the necessity of monitoring the 
position of the exit-slits relative to the spectral lines so that line intensities are 
not sensitive to slight misalignment caused by temperature effects and vibration; 
the inflexibility of a single combination of fixed exit-slits for varied analytical 
requirements; and the difficulty of conversion of a direct-reading spectrometer 
to photographic recording for qualitative analysis and occasional quantitative 
photographic analyses. 


* Present address: Jarrell-Ash Company, Newtonville, Massachusetts. 

Contribution No. 326 from the Institute for Atomic Research and Department of Chemistry, Iowa 
State College, Ames, Iowa. Work was performed in the Ames Laboratory of the Atomic Energy 
Commission. 
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In principle, an instrument utilizing the concept of rapidly and repeatedly 
scanning the spectrum past a single exit-slit, phototube assembly, and electroni- 
cally isolating the resultant voltage-pulses of the spectral lines of interest presents 
the possibility of overcoming most of the disadvantages outlined above. In an 
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Fig. 1. Block diagram of integral components of rapid-scanning spectrometer. 


instrument of this type, the rapid-scanning feature permits the use of an a.c. 
system so that phototube dark current makes no contribution. Since a single 


phototube is used, variations of phototube sensitivity with time do not influence 


intensity ratio measurements. Dynamic plots of intensity versus wavelength of 


the spectrum or actual line spectra can be presented on an oscillograph screen so 


that locating of spectral lines is greatly simplified. Any combination of spectral 
lines in the scanning range can be selected with equal facility, and because a 
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single exit-slit, phototube assembly is used, there is no limitation on the number 
and grouping of lines which can be measured. Finally, conversion of such an 
instrument to photographic recording is a simple matter. 

A brief preliminary discussion of the optical, mechanical, and electronic 
aspects of a rapid-scanning spectrometer for direct-reading analytical emission 
spectroscopy was recently published by the authors [4]. In the present paper the 
instrument components are described in detail and typical analytical results 
obtained with the present version are summarized. 

A block diagram of the present version of the instrument is shown in Fig. 1. 
The spectrum is scanned in a converted Wadsworth-mounting grating spectro- 
graph past a stationary multiplier-phototube, exit-slit assembly, and the resulting 
electrical signal is monitored on an oscillograph in which the horizontal sweep is 
synchronized to the spectrum scan. The spectral-line intensities are evaluated 
by impressing the deflecting signal from the cathode-ray tube in the monitor 
oscillograph onto a separate cathode-ray tube equipped with a fast-decay phosphor 
and no horizontal sweep. A grid of fifty opaque lines is placed in contact with the 
screen of this cathode-ray tube. As the luminous spot is deflected by the spectrum 
signal, the spot alternately is covered and uncovered by the opaque lines. A 
secondary multiplier-phototube detects the resulting light-pulses and converts 
them to a pulsed signal containing the amplitude information. Thus, as a spectrum 
line crosses the exit-slit, a “‘pulse-burst’’ is produced which contains a number of 
pulses proportional to the instantaneous intensity of the spectrum line. By 
means of synchronized gates, the pulse-bursts which correspond to lines of interest 
are separated from the general spectrum. High-speed scalers evaluate the number 
of pulses in the pulse-bursts, so that after an exposure period the counts totalled 
by the scaler registers are proportional to the integrated intensities of the spectral 
lines. The scalers also store the intensity integrals on multiturn potentiometers, 
and a computer calculates the resistance ratios after the exposure period. The 
resistance ratios, and consequently intensity ratios, are plotted on a special 
strip-chart recorder. These plots, which are essentially “‘bar-graph”’ tracings, can 
easily be correlated with known standard samples, or a calibration curve plotted on 
special chart paper with concentrations printed in appropriate positions may be used. 


2. Conversion of a 1°5-metre Wadsworth grating spectrograph 
to a rapid-scanning spectrometer 


The unique optical layout of the Wadsworth-mounting grating spectrograph is 
well adapted for conversion to rapid scanning. In Fig. 2 a schematic drawing of a 
1-5-metre Wadsworth-mounting Jarrell-Ash grating spectrograph converted to 
rapid scanning is shown. 


The scanning mechanism is mounted on three legs (Fig. 3) which are bolted to the bottom 
plate of the spectrograph, and the complete assembly is located so that the scanning mirror is 
at the centre of the circle of which the focal curve is an arc. The converging light-beam from 
the grating would normally be brought to focus at the focal curve, but in the converted unit 
the scanning mirror intercepts this convergent beam and reflects it back toward the grating. 
Since the mirror is located slightly more than half-way to the normal focal curve, the beam 
comes to a focus about six inches in front of the grating. The scanning mirror is also tilted 
downward slightly so that the beam is focused just below the grating. Photographic tests on 
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Fig. 2. Schematic drawing of Wadsworth-mounting grating spectrograph 
converted to rapid scanning. 


WELO TO 
TOP PLATE 


POSITION OF 
SCANNING __ 
MIRROR 


set ~ 
SCREW BOLER PLATE 


Fig. 3. Mounting assembly for scanning mechanism. 
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Fig. 4. Exit-slit, multiplier-phototube tube assembly. 
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the focus conditions for the sensitive range of the multiplier-phototube showed that there was 
no appreciable defocusing when scanning from 3040 A to 6900 A with the scanning mirror 
located. 

An assembly consisting of an RCA 6217 multiplier-phototube, an exit-slit, and a focusing 
mechanism is mounted just in front of the grating as shown in Fig. 4. Both the exit-slit width 
and the lateral position of the entire slit assembly relative to the scanning mirror can be adjusted 
from the outside of the spectrograph without removing the cover from the spectrograph. The 
accurately machined brass ways which provide for lateral adjustment of the phototube assembly 
are bolted to the bottom plate of the spectrograph, and a piece of quarter-inch boiler plate, 
which forms the base plate for the phototube and the slit assembly, is cut to slide in them. A 
slot machined in the bottom surface of the base plate accepts a length of rack stock so that a 
pinion mounted on a shaft below the bottom plate of the spectrograph engages the rack. By 
rotating a knob on the shaft the focusing adjustment can be made. 

A unilateral slit assembly bolted to the base plate is used as the exit-slit. In order to allow 
adjustment of the slit with the spectrograph cover in place, a flexible coupling to a bearing 
mounted in the side of the spectrograph is used as shown in Fig. 4. 

A bakelite clamp secures the RCA 6217 multiplier-phototube to the base plate in the proper 
position behind the exit-slit. The dynode dropping resistors forming the high-voltage bleeder 
string are soldered to the pins of a diheptal socket, which is then used as a plug on the photo- 
tube. The high-voltage cable and the coaxial cable carrying the output signal are led to plugs 
in holes in the bottom of the spectrograph. 


In order to use the spectrograph for normal photographic recording, it is only 
necessary to remove the scanning assembly and cover the hole in the spectro- 
graph cover, through which the mechanism projects. Alignment of the mechanism 
to the spectrograph is not disturbed. 


3. The scanning mechanism 
In general, rapid-scanning techniques utilized in the past have been based on a 
sinusoidal sweep of the spectrum. Apparent linearity on the oscillograph time- 
base was achieved either by using a sinusoidal wave of the same frequency as 
the scanning waveform for the time-base or by selecting the nearly linear portion 
of the sinusoidal spectrum sweep. Neither of these systems is satisfactory if 
accurate quantitative intensity measurements are to be made. In the first case, 
the spectrum is not sampled equally over the scanned wavelength increment 
because the rate of change of a sine-wave is not constant. If a gating technique 
were used with this type of spectrum-scan, gates of equal width at different 
wavelengths (different portions of sinusoidal scan) would not sample equal wave- 
length intervals. Noise contributions would then be a function of wavelength, 
which is not desirable. In the second case, a short part of the sine-wave may be 
sufficiently linear that the above effect is not apparent, but since a reasonably 
linear part of the sine-wave is only about 15 per cent of the total cycle, nearly 
85 per cent of the scanning period is lost. If a sinusoidal scanning system and a 
linear scanning system operating at the same repetition rate are compared, it will 
be noted that a higher frequency response in the associated amplifier is needed 
for the sinusoidal system because of the short usable scanning-time. 

BULLOCK and SILVERMAN have described solenoid-operated scanning systems 
driven by audio oscillators [5, 6,7]. Although this scanning system is very simple. 
it is not possible to define accurately the wavelength interval scanned because 
there is no rigid connection from the oscillating power source to the mechanical 
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Fig. 5. The scanning mechanism. 
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oscillating system. The system is satisfactory for qualitatively following absorp- 
tion and emission spectra of dynamic chemical systems, but the very accurate 
timing measurements required in the present instrument cannot be made. 

An ideal mechanism to oscillate the scanning mirror should have the following 
the mechanism should make it possible to scan the spectrum 


desirable features: 


\/ 
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| 7 8 
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Fig. 6. The scanning mechanism. 
linearly with wavelength at a variable repetition rate; the wavelength increment 
which is scanned should be continuously variable; and it should be possible to 
change the wavelength region in a simple manner. 

Nearly all of these features are incorporated in the design of the mechanism 
shown in Figs. 5 and 6.* Essentially, the scanning device consists of a synchronous 


* The authors gratefully acknowledge the work of Joun Weer, Jr., in the design of the scanning 
mechanism, and DuANE Borts for its construction. 
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motor and a series of wavelength cams with cam followers linked to a mirror 
carriage to provide the oscillatory motion. Each cam is cut with a different 
throw to permit the selection of several wavelength intervals. The mirror can be 
rotated about its centre to change the wavelength region. Since it is not possible 
to produce a continuously variable wavelength increment without resorting to 
involved mechanical contrivances, the mechanism is designed so that three or 
more exactly reproducible wavelength increments can be scanned. The scanning 
waveform can be linear or the cam contour can be designed to match the dispersion 
curve of the spectrograph so that if a prism-unit is used, the spectrum on the 
oscillograph screen is nearly linear with wavelength. An adjustable synchronizing 
pulse is provided to synchronize the oscillograph and associated equipment 
with the spectrum. The scanning repetition rate is adjustable from 5 to 
180 c.p.s. when the unit is driven with an 1800 r.p.m. synchronous motor. 
The mechanism is small and compact, so that installation in a restricted space 
is possible. 


The entire assembly is mounted on a support (8) on a Timken double-row tapered-roller 
bearing (40). A large bearing is required to allow the large retaining pressures which are neces- 
sary to prevent play. The adjustment to select the wavelength region is made about this 
bearing. The mechanism is mounted on the spectrograph by means of the support (8), which is 
pressed into the roller bearing. The support (8) is threaded at the top and a retaining ring (26) 
holds the bearing rigidly to the support (8). The outside race of the bearing is pressed into the 
bearing support (17), which is fastened to the base (1) by means of a retaining ring (18), threaded 
to the bearing support (17). 

The rotation about the roller-bearing centre is provided by a linkage including a spring- 
loaded, anti-backlash, double-gear assembly (16). One of the gears is pinned to the bearing 
support (17) and is driven by the shaft’and pinion assembly (23), which is supported by the 
sleeve (24), in turn fastened to the support (8). Turning a knob attached to the shaft and pinion 
(23) rotates the entire unit about the bearing centre to select the wavelength region. The method 
of wavelength indexing will be described later. 

A carriage (15) carries the optical element, which is oscillated. This carriage passes up 
through the support (8) and is set in a miniature ball-bearing (15-A). The top of the carriage is 
supported in a miniature ball-bearing, which is held to the frame (6) by a retainer (20). The 
oscillatory motion of the cam followers (5) is transferred to the mirror carriage (15) by means of 
a pin in each cam follower which engages its stop collar (27) on mirror-carriage shaft (15). 
Individual scanning cams (12, 13, 14) are selected by rotating the cam-follower pickup assembly, 
which is mounted on a shaft (25). Each pickup disc (22) is cut with a flat side. The flat sections 
are set at 120° with respect to each other. When the shaft (25) is rotated, the flat section of a 
pickup dise (22) allows a cam follower (5) to engage a wavelength cam. The pin on the cam 
follower engages its stop collar (27), which is fastened to the mirror carriage (15) with set 
screws. Tension against the collar stop is provided by a spring (19). The cam followers are 
pressed against the wavelength cams by means of adjustable springs (21) when the flat section 
of a pickup disc releases the cam follower. The mirror carriage then follows the motion of the 
particular cam follower which engages its wavelength cam. To change the magnitude of the 
wavelength interval, the knob is turned until the proper cam follower engages its cam. The 
position of the cam-follower pickup assembly is indexed by the flat spring (43) pressing against 
the triangulated segment of shaft (25). 

The wavelength scanning cams are supported by an arbor (35) which is pressed into a double- 
row ball-bearing (41). Since the bearing is heavy and solid, the cam-assembly arbor (35) needs 
no further bearing support. The bearing is pressed into a retainer (34), which is in turn secured 
to the base with machine screws. In addition to the wavelength cams, the arbor supports a 
slotted synchronizing disc (33) and appropriate spacers (36). A threaded retainer (9) secures 
the stack of parts to the arbor. Since it is desirable to be able to position the cams with respect 
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to one another and to the synchronization disc, these components are not keyed to the arbor. 
Power is transmitted directly from a synchronous motor to a variable-speed drive (Metron 
Variable Ratio Speed Changer, manufactured by Metron Instrument Company, Denver, 
Colorado) (45), both of which are mounted above the top plate (2). A flexible coupling (9, 10, 11) 
connects the variable-speed drive to cam arbor. The drive shaft consists of the output shaft 
of the variable-speed drive. 

In order to supply the master synchronizing pulse, a germanium photocell (Sylvania 1N77) 
is mounted directly above the slotted disc in the photocell clamp (28). A three-volt bulb of the 
pre-focused, lens-end type is mounted immediately below. As the slot on the disc passes between 
the bulb and photocell, a voltage pulse is produced which, when sharpened and amplified, may 
be used to trigger the oscillograph and associated equipment. Positioning of the bulb-photocell 
assembly relative to the cam followers is provided by adjustable rotation about the centre of 
the arbor bearing (41). The positioning lever (3) is linked through a sleeve-bearing assembly 
(31, 32). By rotating the positioning lever, the point in the scanning cycle at which the 
synchronizing pulse occurs can be varied. 

The top plate (2) is supported by three steel rods (4) attached to the base plate (1). The 
wavelength index and locking arrangement are mounted on the top plate. The wavelength 
index plate (37) is secured to the top of the pinion-bearing assembly (24),which projects through 
a curved slot in the top plate. Thus, the index plate is rigidly fixed with reference to the mount- 
ing plate (8) and hence to the spectrograph. As the wavelength region is changed, the index 
plate moves with respect to the top plate (2). Attached to the top plate is a slide (38) on which 
a wavelength calibration vernier is inscribed. A lock (39) is provided to fix the scanning unit 
at a definite wavelength. 


The wavelength cams are quite difficult to machine with the required precision. 
Since large optical lever arms are involved, a deviation of +0-0001 of an inch is 
sufficient to cause a noticeable error in scan. Consequently, after the cams were 
brought within a few thousandths of an inch by hand filing, they were mounted 
on a lathe with a tool post-grinder. The lathe cross-feed was set to match the rise 
of the cam contour, and the lathe spindle was then rocked back and forth by 
hand until the cam was ground to the desired precision. Unfortunately, this 
technique can be used only if the cams are ground to a linear rise. 

The design of the contour of the wavelength cams for a particular setup is 
very important. If possible, a linear rise should be used, since it may be ground 
to precision as described above. If it is desired to have a non-linear contour in 
order to follow the dispersion curve of the spectrograph, hand shaping probably 
will be necessary, but since the allowed tolerance is so small, the job may prove 
difficult. The amount of flyback time for the return of the cam follower is 
dependent on several factors. The mass, and consequently the inertia, of the 
optical element to be oscillated, the scanning-cycle repetition rate, and the sweep 
amplitude are the most important. It has been found that for a 5-inch mirror 
and a repetition rate of 10 c.p.s., 85 to 90 per cent usable scan-time may be 
attained. It is necessary that the centre of rise be the same on all cams so that the 
wavelength at the centre of the scan does not change when different cams are 
selected to change the wavelength interval. 


4. Multiplier phototube high-voltage power supply 


A high-voltage, negative output power supply described by Heict et al. [8] was 
used and found to be satisfactory in all respects. 
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5. Cathode-ray presentation of the spectrum 


Wavelength vs. intensity-type trace 


The monitor oscillograph is a Dumont 304-H (Allen B. Dumont Laboratories, Inc., 
Clifton, New Jersey) in which no changes are made except that the leads from the 
vertical amplifier to the vertical deflection plates are interchanged. This is done 
because the signal output of the multiplier-phototube is a negative-going signal. 
By interchanging the deflection-plate leads, the spectrum appears in an upright 
attitude with an increase in intensity reading upward. 

The Dumont oscillograph provides both vertical and horizontal amplifiers 
with a flat frequency response from d.c. to about 300 Ke. Provision is made for a 
triggered sweep with a pulse-trigger input available on the front panel. Grid 
intensity modulation is also available. (The importance of this feature will be 
discussed later.) Besides these necessary features, the instrument has very high- 
gain horizontal deflection amplifiers, which are able to deflect the electron beam 
the equivalent of four screen diameters, or about twenty inches. The horizontal 
positioning control has sufficient range to bring any portion of the expanded trace 
onto the screen with no ‘‘on screen”’ distortion. When a spectrum which exhibits 
fine detail is presented on the screen, it is possible to increase the effective dis- 
persion by expanding the trace and bringing the portion of the trace of interest 
into view. The resolving power of the spectrometer is, of course, not corre- 
spondingly increased. 

The choice of the screen on the monitor oscillograph is important. On the 
one hand, the low-scanning frequency (about 10 c.p.s.) presents the problem of 


flicker, but on the other hand the rapid rise time of the spectral-line pulses gives 
rise to weak traces because there is insufficient time for the phosphor to build up 
to a high-light output. The phosphor which performed best was the highly efficient 
type P-11. Since there is very little phosphorescence, the flicker is high at 
frequencies below 15 c.p.s., but the high-efficiency screen is able to bring out 
the rapid-rise contours of the spectral line even under normal room lighting 
conditions. 


Presentation of actual line spectra on the oscillograph screen 


Locating spectral lines on the oscillograph of a rapid-scanning spectrometer can 
be a difficult task if the comparison spectra are available only as a normal spectro- 
gram on a photographic plate. Also, when an intensity trace of a spectrum which 
is excited in an unstable discharge is viewed, the spectral-line pulses vary so much 
in height from trace to trace that it is difficult to make an interpretation of the 
spectrum. For these reasons a technique for presenting actual line spectra on 
the oscillograph screen was devised. To provide this presentation, the spectral- 
line pulses from the multiplier phototube are applied to the control grid of the 
cathode-ray tube in such a way that when a pulse occurs, the trace is brightened. 
An oscillatory voltage applied to the vertical amplifier of the monitor oscillograph 
serves to spread the bright spots of the trace out into a vertical line. The oscillo- 
graph pattern then appears as a line spectrum exactly as it would be viewed at 
the normal focal plane of the spectrograph. Consequently, a photographed 
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Fig. 7. Typical line spectra as photographed from oscillograph screen. 
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spectrum can be compared with the pattern with little difficulty. Although the 
lines continually vary in intensity, the effect is not nearly so confusing as the 
intensity trace. Photographs of several spectra shown in Fig. 7 were taken from 
the oscillograph screen using this type of presentation. 

The circuit for the modulated intensity presentation of actual line spectra is 
shown in Fig. 8. A switching arrangement is included so that the intensity vs. 
wavelength-type trace can easily be presented as well as the spectral lines them- 


selves. The signal from the multiplier-phototube is negative-going as the intensity 
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Fig. 8. Circuit for line spectrum presentation on oscillograph screen. 
increases, but it is imperative to have a positive signal to increase the trace 
brightness. Therefore, it is necessary to invert the signal phase. The signal 
output of the phototube is only of the order of a volt or so and consequently does 
not have sufficient amplitude to drive the control grid of the cathode-ray tube. 
Phase inversion and amplification are accomplished with a single-tube amplifier. 
A gain control is included to allow adjustment of the pattern brightness. When 
the gain is increased to a point where weak lines can be seen, strong lines drive the 
control grid of the cathode-ray tube far positive, causing the trace to “‘bloom.”’ 
In order to prevent these large positive signals from occurring, a biased diode 
limiter is incorporated to clip off the signal when it reaches a certain adjustable 
point. 

A vertical deflecting signal is provided by a 5-kilocycle neon-tube sawtooth 
oscillator. The frequency is sufficiently high to prevent resolution of the vertical 
traces at the low horizontal scanning rates. Thus, with the oscillograph intensity 
turned up so that the trace is visible and with no signal applied to the control grid 
of the cathode-ray tube, the pattern appears as a solid band of light across the 
tube, analogous to continuous background on a photograph of a spectrum. 

This type of spectrum presentation suggests a number of other applications 
in spectroscopy. Steel scrap samples are often sorted by observing the spectra 
in a direct-vision spectroscope such as the Spekkar “‘Steeloscope.’’ There are, 
however, many useful impurity lines in the near-ultraviolet and near-infrared, 
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beyond the visual region, which can be transformed into a visual image in this 
manner. To eliminate mechanical scanning, it is possible to use an RCA type 
6198 Vidicon camera tube in conjunction with a small direct-vision spectroscope 
to investigate these regions as well as the visible, since this tube is reasonably 
sensitive from 3500 A to 7500 A. The tube could be operated in the usual manner 
except that the scanning lines would be parallel to the spectral lines focused on 
the photo-sensitive surface. The spectra could be observed on the screen of a 
cathode-ray tube in the manner described above. 


6. Electronic isolation of spectral line pulses 
No matter how the time integral of pulse heights produced by the spectral lines 
as they scan past the exit-slits is measured, it is necessary to isolate the pulses 
originating from the specific lines to be measured from the general spectrum of 
pulses. It will be shown later that each pulse is actually converted to pulse-bursts, 
but the fact remains that individual pulse-bursts still have to be isolated from 
the general spectrum of pulse-bursts. 

The electronic isolation of the signals or pulse-bursts for individual spectral 
lines is performed by the following basic steps: 

Step 1. A master-trigger pulse (Fig. 9b) is generated at the beginning of each 
spectral scan. This pulse serves as a timing reference to synchronize the various 
electronic circuits with the spectrum scan. 

Step 2. Since the various spectral lines of interest will pass the exit-slit at 
various delay intervals up to approximately 100 milliseconds after the initial 
master trigger occurs, it is necessary to provide delayed pulses to actuate certain 
other circuits at the precise time the respective spectral lines cross the exit-slit. 
These delayed pulses are produced by the delay univibrators (Fig. 9d). A delay 
univibrator circuit is required for each spectral line to be measured. 

Step 3. The delayed pulses from the delay univibrators trigger the generation 
of square-wave pulses of a width adjusted to the width of the spectral line contour 
by the gate univibrator (Fig. 9e). 

Step 4. The square-wave gating-pulse from the gate univibrator is applied 
to a gated amplifier, which is a pentode biased to cutoff with a negative voltage 
on the suppressor grid. When the positive square-wave pulse from the gate 
univibrator is applied to the suppressor grid, it causes this stage to operate as a 
simple amplifier. Therefore the output of the gated amplifier is zero except during 
the gating period—the time period of the square-wave gating-pulse. There is a 
gated amplifier for each spectral line to be measured. 

Step 5. During the course of events outlined in Steps 1-4, the pulse-height 
analyzer has converted each spectral line into pulse-bursts in which the number 
of pulses is proportional to the amplitude of the original pulse from the multiplier- 
phototube detector. These pulse-bursts are applied to the control grid of the 
pentode on the gated amplifier. The latter transmits the pulse-burst signal only 
when it is activated by the gate univibrator. 

Step 6. The individual pulses of the separated pulse-bursts are scaled down, 
counted, and ratios calculated and recorded. 

In the discussion which follows the various electronic components are described 
in the order presented above. 
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Master-trigger pulse generator 


A slotted disc, a small lens-end type bulb, and a 1N77 germanium photocell 
(Sylvania Electric Products, Inc., New York, N.Y.) (see Figs. 5 and 6) provide a 
master-trigger pulse which serves as a timing reference to synchronize the various 
electronic circuits with the scan of the spectrum. When the disc revolves to the 
point where light from the bulb falls on the germanium photocell, the current 
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Fig. 9. 


through the photocell increases sharply. Since the light activates the photocell 
only momentarily, the current level falls to its original low level, resulting in a 
rather flat-topped current pulse. 

Since the 1N77 germanium photocell is a photoconductive device, the resistance 
changes across the junction when it is irradiated. In order to utilize this resistance 
change, a polarizing voltage of about fifty volts is used. The resulting current 
change then appears as a voltage change across a load resistance. The circuit 
used to produce the polarizing voltage and the load resistance across which the 
voltage pulse is produced is shown in Fig. 10. The photocell, located in the 
scanning mechanism, is connected to the synchronization generator with a length 
of shielded cable. The bleeder string, consisting of 10-K and 4-7-K resistors, serves 
to lower the supply voltage to fifty volts. The 56-K resistor is the load resistor 
for the photocell. The negative output voltage pulse is tapped off through the 
0-5-microfarad capacitor. 
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The voltage pulse from the photocell is much too broad to serve as a precise 
master-timing pulse. The necessary pulse sharpness is obtained by means of a 
modified Schmitt-type pulse-height discriminator, also shown in Fig. 10. The 
sharpened master-trigger pulse is then fed to all the delay univibrators and to 
the monitor oscillograph sweep trigger. 
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Fig. 10. Circuit for master-trigger pulse generator. 


The delay univibrator 

With the synchronizing disc in the scanning mechanism adjusted so that the 
master-trigger pulse occurs at the beginning of the spectrum scan, delays up to 
100 milliseconds occur before the gated amplifiers are to be opened (Fig. 9c, d, e, f). 
Since the length of these delays is different for each spectral line, a separate, 
variable-delay univibrator as shown in Fig. 11 is provided for each spectral line 
which is to be measured. These delay networks provide delayed pulses to trigger 
the gate univibrator and gated amplifiers. The circuit consists of a univibrator 
(an Eccles-Jordan multivibrator modified so that there is but one stable equi- 
librium condition) and a differentiation network. On the application of a single 
trigger pulse, a complete cycle, i.e., the production of one square-wave, takes 
place (Fig. 9c). When this square-wave is differentiated by passing through a 
small condenser, a sharp, delayed pulse results as in Fig. 9d. The length of delay 
of this pulse from the original master-trigger pulse is controlled by varying the 
circuit constants of the univibrator. The delayed pulse then triggers the gate 
univibrator. 


7. Gate univibrator and gate position indicator 
Square-waves are actually used to open the gated amplifiers. The circuit which 
generates the square-wave gating-pulse is shown in Fig. 11 as part of the delay 
circuits. (Fig. 9e shows the shape of the pulse as applied to the gating amplifier.) 
Since the leading and trailing edges of the gate pulse must be sharp, a transfer 
differentiation network is used in coupling from the plate to grid of the univibrator. 
A 1N39 clamping diode insures that the grid returns to exactly the same potential 
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with respect to the cathode, so that the length of the gating period is precisely 
fixed. Instead of the variable resistance to control the length of the square-wave, 
a step-resistance network is used to insure exact reproducibility of the gating 
period. Fig. 9e shows the shape of the gate univibrator pulse which is supplied 
to the gated amplifier. 
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Fig. 11. 


Circuit for the delay and gate univibrators. 


In order to set the gate width to coincide properly with the spectral-line pulses 
which are to be isolated, it is necessary to have a visual method by which the 
gating period can be compared with the spectral-line trace on the monitor oscillo- 
graph. To achieve this, the position of the gating-pulse on the monitor oscillograph 
trace is manifested as an enhanced intensity region. To set a gate to coincide 
with a spectral line, the delay univibrator potentiometer is rotated until the 
bright image just covers the line of interest. The univibrator gate-width control 
is then adjusted until the entire spectral line is covered. This gate position 
indication is supplied by a portion of the same square-wave which does the actual 
gating of the amplifier by applying the square-wave to the control grid of the 
monitor oscillograph. The plate load-resistor of one triode of the gate univibrator 
is a 10-K potentiometer. By changing the position of the centre tap of the potentio- 
meter, the amplitude of the square-wave (produced at the plate of the triode) 
may be changed, thus varying the intensity of the brightened portion of the 
wavelength trace. This square-wave pulse (of a positive polarity) is fed to a 
cathode-follower mixing circuit which combines the position indication signals 
from all channels. The output of the cathode-follower is then fed to the control 
grid of the monitor oscillograph. 
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8. Conversion of spectral line pulses into pulse-bursts 
In the usual direct intensity-measurement approach, photocurrents from the 
individual multiplier-phototubes are allowed to charge special low-leakage capaci- 
tors in order to perform the time integration of the spectral-line intensities. In 
the technique used here for separation of spectral lines of interest from the general 
spectrum, it is not practical to use the capacitor charge technique. Currents of 
the order of several milliamperes contain the intensity information in the line 
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Fig. 12. 


Spectral-line intensity analyzing unit. 


separation circuits, rather than currents of the order of microamperes from 
phototubes directly, as in the usual direct intensity-measuring technique. Currents 
of this order necessitate very large capacities if the capacitors are not to be charged 
beyond the linear range. 

The problem of amplifier non-linearity also exists if one attempts to make 
precise amplitude measurements over a wide range. Inasmuch as it is much 
simpler electronically to make frequency measurements than amplitude measure- 
ments, in the present technique a scheme is used whereby amplitude signals 
(containing the spectral intensity information) are converted to a frequency 
function as described below. 

The unit used to convert spectral-line pulses into equivalent pulse-bursts 
consists, as shown in Fig. 12, of a type 5CP5-A cathode-ray tube supplied with 
the normal accelerating and positioning voltages. The vertical deflection plates 
are capac‘ty-coupled to those of the monitor oscillograph, but no deflecting signal 
is applied to the horizontal deflection plates. The luminous spot then moves 
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vertically in synchronism with the spot on the monitor oscillograph. As a spectral 
line crosses the exit-slit of the spectrograph, the spot on the monitor oscillograph 
moves vertically to trace out the contour of the spectral line. The spot on the 
analyzer screen moves a vertical distance proportional to the intensity of the line 
so that a measure of the linear distance of deflection is also a measure of the 
instantaneous intensity of the spectral line. In order to measure this distance, 
the following approach is used. A comb-grid consisting of about fifty opaque lines 
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Fig. 13. Effects of long- and short-persistence phosphors on analyzer pulse-burst wave-forms. 


is fastened to the face of the cathode-ray tube. The grid is so oriented that the 
spot is deflected perpendicularly to the opaque lines. Thus, the number of lines 
of the grid that the spot traverses is a measure of the distance of deflection of the 
spot. In order to detect the spot moving behind the grid, an RCA 931-A multiplier- 
phototube is placed about eight inches away from the tube face. The light-pulses 
generated by the alternate appearance and disappearance of the spot are converted 
to electrical pulses by the phototube. 


Selection of the phosphor 


The persistence characteristics of the phosphor composing the screen of the 
analyzer cathode-ray tube are directly related to the performance of the instru- 
ment, as shown in Fig. 13. Tubes with a phosphor of rather long persistence, as 
in case 1, are unable to resolve pulses at all, because the screen emission does not 
decay to a low level before the next pulse of the pulse-burst. In case 2 of Fig. 13. 
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where a short persistence phosphor is used, all pulses of the pulse-burst are resolved. 
The decay curves of various phosphors showed that only the P-11, P-5, and P-15 
deserved consideration. A comb-grid of the required number of lines cannot be 
used with the P-11 phosphor for spectral-line signals of large amplitude because 
the phosphor-decay is not sufficiently rapid even though the screen efficiency is 
high. A 5CP-A type tube with a P-5 screen was used, although the efficiency of 
this phosphor is not nearly so high as that of the P-11, but the associated circuits 
are sufficiently sensitive to produce a usable output signal. Fig. 9h shows a gated 
pulse-burst generated by a spectral line. 

Should it be desirable to increase the scanning frequency, the P-5 phosphor- 
decay time probably will not be short enough. Since the phosphor decays to 
about 10 per cent in about 17 microseconds, the highest usable pulse-burst 
frequency would be of the order of 100 kilocycles. At scanning frequencies of 
30 cycles per second, frequencies of 400 kilocycles might be generated, hence the 
phosphor-decay rate is not high enough for scanning frequencies of this magnitude.* 

Phosphor-decay correction circuits are available in the literature, e.g., reference 
[9]. A circuit of this type has been included in the associated equipment and will 
be discussed later. However, the situation is complicated in that the correction 
circuits were designed for a constant writing-rate. In this instrument, the writing- 
rate is dependent on the spectral-line intensity and hence is not constant. 


The video-pickup multiplier and cathode-follower 


A type 931-A multiplier phototube is used to detect the light-pulses from the 
analyzer cathode-ray tube. The phosphors which had sufficiently fast response 
for this purpose all had spectral emission peaks at about 4200 A. The spectral 
response curve of the S-4 type photo-cathode, used in the 931A, also shows a 
maximum near 4200 A. 

The circuits for the video-pickup and the cathode-followers are included in 
the circuit for the complete analyzer unit shown in Fig. 12. The negative potential 
for the phototube is obtained from the 3000-volt negative supply used as the 
accelerating potential for the cathode-ray tube. A bleeder reduces this voltage 
to about 600 volts. This relatively low potential is used because a high signal-to- 
noise ratio is desired, but sufficient sensitivity is still obtained. 

The video-pickup multiplier-phototube is mounted on the side of a light-tight 
sheet-metal tube which in turn is mounted on the analyzer cathode-ray tube bezel. 
The socket of the phototube projects through the mounting tube, and the dynode 
dropping resistors are soldered directly to the pins of the socket. The phototube 
is oriented so that its photocathode faces the cathode-ray tube screen, and the 
open end of the metal tube is covered with a piece of black cloth in which a small 
peep-hole is cut to allow the operator to view the position of the trace on the 
screen. Because the distance from the amplifier on the analyzer chassis to the 
phototube is large and rather high-frequency signals are involved, a 6J4 cathode- 
follower is mounted on a small metal box which in turn is mounted over the 


* The Allen B. Dumont Company has suggested that the P-15 phosphor would be satisfactory for 
this purpose. This phosphor decays to 10 per cent in 2 microseconds, making pulse-frequencies of 400 
kilocycles possible. 
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931-A socket. A low capacity coaxial cable is run into the analyzer chassis from 
the cathode-follower to conduct the input signal. 

A phosphor-decay corrector consisting of a 300-micromicrofarad capacitor 
and a 5-K potentiometer was added to the grid circuit of the 6J4. The function 
of this circuit is to add to the input signal a peaking voltage of the same general 
shape as the logarithmic buildup and decay of the phosphor. The action of this 
network is shown schematically in Fig. 14. A 1l-megohm potentiometer in the 
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Fig. 14. 


Phosphor-flash correction action. 


grid circuit serves to control the signal amplitude to the cathode-follower. This 
potentiometer, as well as that of the phosphor-flash corrector, are mounted on 
the cathode-follower box and hence are conveniently adjustable. 


The video amplifier 


A circuit for a high-gain, low-noise, wide-band amplifier was available from the 
Institute for Atomic Research Electronics Shop. The circuit diagram for this 
amplifier is shown as a part of the general analyzer circuit in Fig. 12. Two negative 
feedback loops result in good stability and a nearly flat frequency response from 
30 ¢.p.s. to 10 megacycles per second with a gain of about 70. The output signal 
is sufficient to drive the gating amplifiers with the 500-ohm gain-control set about 
three-fourths of the maximum value. The noise and 60-cycle hum level are reduced 
considerably if the heaters for the amplifier tubes and the cathode follower are 
operated with direct current. Consequently, a selenium rectifier and filter have 
been added to supply the heater power. 

In order to set the anode load-resistor of the secondary multiplier-phototube 
and the gain-control of the video amplifier correctly, an oscillograph is temporarily 
connected across the gate-output to the scalers. When these controls are correctly 
adjusted, the wave-form is similar to that shown in Fig. 9h. 
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The gated amplifier 
After pulse-bursts corresponding to individual spectral lines have been produced, 
it is necessary to separate the bursts of interest from the general spectrum and 
send them to the scalers so that they can be evaluated. Each gating circuit of the 
type shown in Fig. 15 separates the pulse-burst originating as a selected spectral 
line scans past the spectrometer exit-slit. Thus, it is necessary to have a gated 
amplifier for each spectral line of interest. 


Imeg 


6AL5 
GATING 


R 
CHANNELS 


Fig. 15. Circuit for the gated amplifier. 


The output of the video amplifier is led by means of a coaxial cable to the 
pulse-burst input on Fig. 15. A 6AK5 preamplifier serves to raise the amplitude 
to the proper level and to invert the phase of the signal. The output of this stage 
is then fed to a 12AU7 cathode-follower. From the cathode of the 12AU7 several 
output taps are provided, and from these taps the signal is led to separate gating 
circuits. 

Each gated amplifier consists of a 6AS6 controller amplifier, to the control 
grid of which the composite pulse-burst signal is applied. Normally, this stage 
would operate as a simple pentode amplifier, but the suppressor grid is biased to 

22-5 volts with a battery. With a negative voltage of this magnitude on the 
suppressor grid, the tube does not conduct, and consequently there is no output 
signal. When the positive square-wave gating-pulse from the gate univibrator is 
applied to the suppressor grid, it is raised momentarily to a level at which the 
tube can conduct. During the gating period, therefore, the stage operates as an 
amplifier, and an output signal is produced. Any signal applied to the control 
grid during this period appears at the output, but signals applied at any other time 
do not appear at the output. Thus, only the pulse-burst of interest is passed 
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through the amplifier, once in each scanning cycle. A clamping circuit consisting 
of a 6AL5 is used in the gating-pulse input to provide a definite signal-level at all 
times. The circuit operates such that during the dead time between gating-pulses 
the suppressor grid is at —22-5 volts. 

When the 6AS6 in the gated amplifier is turned on by the gating-pulse, the 
output voltage rises slightly with no signal applied to the control grid because the 
tube always conducts some current during this period. The output appears as a 
small pedestal with the input signal superimposed upon it. This pedestal has no 
effect on the operation of the scalers. The output of the gated amplifier is fed to 
another 6AK5 amplifier and then to a 12AU7 cathode-follower. The output of 
the cathode-follower is then passed by means of a coaxial cable to a scaler. 
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Fig. 16. Schematic diagram showing compensation for dark current and spectral background. 


In order to increase the high-frequency response of the whole circuit, an inverse 
feedback loop designed so that high-frequency signals are favoured was added. 
With proper adjustment of the trimmer capacitor in this network, the frequency 
response is nearly flat to a frequency of one megacycle. Since the maximum 
frequency ever expected (because of the phosphor-decay limitation) is of the order 
of 400 kilocycles, a response to one megacycle is sufficient. 

This spectral-line intensity measuring scheme has the advantage of not 
including either phototube dark current or spectral background. An explanation 
for this is shown schematically in Fig. 16. Since an a.c. system is used, phototube 
dark current is effectively eliminated by the input capacitor to the monitor 
oscillograph, and spectral background makes no contribution even though it 
appears on both the monitor and analyzer cathode-ray tube. Since the gate for 
isolation is opened just before the line enters the exit-slit and closes just after the 
line passes, the background contribution has caused the analyzer electron spot to 
move to the background contribution level before the gate is opened. During the 
time that the gate is open, the background will not change appreciably, and 
hence will make no contribution to the measured intensity. 


The scaling units and pulse-counters 
Fast scalers developed by the Institute for Atomic Research Electronics Shop 
for scintillation counters are used for counting the pulses, although any scaling 
circuit of sufficiently short resolving time is satisfactory. Since the maximum 
frequency ever expected in the pulse-burst is about 400 kilocycles, a resolving 
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time of 2-5 microseconds is required. No difficulty was encountered in pulse 
resolution, because the available scalers had a resolving time one-tenth this value, 
or about 0-25 microsecond. 

A complete circuit of the scaler is shown in Fig. 17. The scaler consists of 
thirteen stages of binary dividing circuits giving a maximum scale of 8192 at the 
register. However, the standard unit has been modified so that scales of 32, 64, 
128, 256, 512, 1024, 2048, 4096, and 8192 cam be selected. This change was easily 
made by feeding all binary units after the first four high-speed sections to different 
sections of a rotary selector switch. The centre tap of the selector feeds the trigger- 
pulse to the output univibrator and then to the register. Therefore, the particular 
binary stage which is connected to the output univibrator determines the amount 
that the input pulses are scaled down. It is to be noted that considerably simpler 
scalers can be used. A scale of 256 is sufficient in most cases. 

A build-in discriminator network is provided to allow manual adjustment of 
the amplitude of input pulse which just triggers the first stage. In operation the 
discriminator is set just above the level of the background noise generated by the 
analyzer phototube and video amplifier and above the residual pedestal introduced 
by the gating amplifier. 

The mechanical registers (Durant Manufacturing Company, Milwaukee, 
Wisconsin, Model 6-Y-1-MF) are capable of counting about 1000 counts per 
minute and are resettable to zero from the front panel of the scaler. In order to 
determine the time-integrated intensity ratio of two lines, it is only necessary to 
divide the counts totalled by one register’by those totalled by the other. 


The automatic ratio computer and intensity-ratio recorder 


In order to make the direct-measuring instrument completely automatic, a ratio 
computer and recorder arrangement operating from information stored in the 
sealers is included. This unit automatically computes the ratio of time-integrated 
intensities as measured by the instrument and records this ratio on a strip-chart 
recorder at the end of the excitation period. 

Each time a count is recorded on the scaler register, a pulse of 117 V a.c. power 
actuates a register of the type used in the scalers but modified to drive a multiturn 
potentiometer. The digital mechanism of the register was completely removed 
and an extension added to the shaft so that a worm-gear could be mounted on 
the outside of the case. Each time the drive-coil is activated the worm-gear 
rotates one-tenth of a revolution, and simultaneously drives a 60-tooth brass gear 
attached to a 50-K multiturn potentiometer. Each count produced by the scaler 
then becomes a small increment of resistance on the multiturn potentiometer. A 
measure of the accumulated number of counts and consequently of the intensity 
of a spectral line can then be obtained by measuring the resistance totalled by 
the potentiometer. This resistance is measured by a Leeds and Northrup “‘Speedo- 
max” recorder modified to operate as a self-balancing bridge in conjunction with 
the computer shown in Fig. 18. A special 500-ohm slidewire was installed in the 
recorder by the manufacturer. 

Inasmuch as the ratios of intensities are of interest rather than the absolute 
magnitudes, the potentiometers are connected in a bridge arrangement as shown 
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in Fig. 19. In this way the ratios of resistances and consequently the ratios of the 
time-integrated intensities are easily determined. In all cases, one line provides 
the internal standard reference intensity for all the analytical lines. Therefore, 
the potentiometer corresponding to the internal standard or matrix line forms 
one leg of the bridge during the period of measurement. The analytical line 
potentiometers form another leg of the bridge, but since there may be several 
analytical lines, the potentiometers are connected sequentially. The third leg of 
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Fig. 19. Schematic diagram of computer bridge. 


the bridge is made up by the recorder-slide wire, and a multiturn potentiometer, 
mounted on the front panel for easy adjustment, forms the final leg. The function 
of the latter component is to vary the span and thus vary the calibration of the 
recorder. In order to accommodate a large range of intensity ratios, the recorder 
span must be changed each time a different analytical line potentiometer is switched 
Therefore, a separate span resistance is switched in each time a different 


in. 
analytical line potentiometer is switched into the circuit. 

To return the recorder pen to the left end of the chart between analytical line 
measurements, the reference resistances and a return-set potentiometer, also a 
front panel adjustment, are included. Each ratio measurement then appears as a 
“bar” graph tracing; the farther the deflection is to the right, the greater the 


intensity ratio. 
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The spectral-line potentiometers are returned to the zero position in prepara- 
tion for another excitation period by solenoid-operated clutches which disengage 
the potentiometer drive-dises from the worm-gear and press them against revolving 
plastic wheels. The plastic wheels are chain-driven by a 300-r.p.m. motor. When 
the potentiometers return to zero, the built-in zero-stop in the potentiometers 
causes the friction drive to slip until the solenoids are released. The zero return 
is then accomplished automatically by section S, of the selector switch and 
occurs during the next-to-the-last position of the recording sequence (see Fig. 18). 

A latching relay, closed by a front-panel switch, controls the recording sequence 
motor. Once closed, this relay cannot open until the latching coil is momentarily 
closed to release the latch. In order to activate the latching coil and hence stop 
the sequence motor at the time that the recording is completed and the potentio- 
meters returned to zero, the final position of section S, of the sequence selector 
switch is used. The latter is wired so that when the rest position of the selector 
switch is reached after one complete cycle, the latching coil is activated, shutting 
off the sequence motor. A normally open time-delay relay is connected so that its 
heater is in parallel with the sequence motor and its contacts are in series with the 
latching coil. A delay period of fifteen seconds is long enough to allow the selector 
switch to move off its rest position. 


9. Performance data 
The types of spectral excitation most useful for an instrument of the rapid-scanning 
type are continuous sources such as flames, d.c. ares, electronic discharges of the 
hollow-cathode type, and high-frequency excitation as observed in electrodeless 
discharges. Since spectral lines are sampled sequentially rather than simul- 
taneously, it is always possible that discontinuous discharges will not contribute 
equally to all lines sampled during one spectral scan. Statistically, this sampling 
is greatly improved if the whole exposure period is considered. If any synchroni- 
zation between spectrum scan and discharge period does occur, spectrum sampling 
may, of course, not be reliable. When a synchronized discharge is used, it is 
possible to select a scanning frequency which is a non-integral submultiple of 
the discharge frequency and thus obtain a random sampling of all phases of the 
discharges. Further discussion of this situation will follow. 


Direct-current mercury arc 


Since the direct-current mercury arc is a continuous discharge which is relatively 
stable over appreciable time periods, this source is ideally suited for precision 
measurements. Excitation variations can be further compensated and distillation 
effects entirely eliminated by measuring the intensity ratio of selected mercury 
lines. The precision determined should then be largely a measure of the error 
introduced by the instrument itself. As shown in Table 1, the precision was found 
to be 0-66 per cent when the electronic gates were set on the mercury 5460-7 A 
and 5769°6 A lines. 


Flame excitation 


The Lundegardh-type flame is another source showing a high degree of constancy 
and reproducibility. A modified Lundegardh flame source [10] was used to excite 
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the spectrum of an aqueous solution of calcium and sodium chlorides. 
intensity ratio of the line pair Ca 6122:2/Na 5895-9 showed a coefficient of variation 


The 


Source 


Analytical scheme 


Intensity ratio 


measure 


d 


d.c. Hg are Hg vs. Hg Hg 5461/Hg 5770 0-66 
Flame Solution of NaCl—CaCl, | Ca 6122/Hg 5896 1-08 
d.c. are Cu vs. Cu Cu 5153/Cu 5218 +2-7 
d.c. are BaCO,/CaCO, mixtures Ba 4554/Ca 4455 4-7 
d.c. are Cu in SnO, Cu 5153/Sn 5631 -§ 
Overdamped condenser discharge | Cu vs. Cu Cu 5153/Cu 5218 0-89 
Overdamped condenser discharge | Cu in SnO, Cu 5153/Sn 5631 58 


Coefficient 
of variation 


D.c. arc excitation 


Although the d.c. are is subject to many excitation variables, the measurement 
of interelement line-pair intensity ratios usually leads to rather high reproducibility 
if the excitation potentials of the lines are matched. Measurements of the intensity 
ratio of Cu 5153-2 A/Cu 5218-2 A excited in a d.c. are between copper electrodes 
showed a coefficient of variation of 2-7 per cent. This observation was sufficiently 
encouraging to extend the d.c. are to some typical analytical calibration curves. 
The system selected for study was the determination of Ba/Ca ratio in mixtures of 
calcium-barium carbonate. Synthetic standards ranging in concentration from 
()-325 up to 5-87 (Ba/Ca ratio) were prepared by precipitating the mixed oxalates 
from solution and igniting the oxalates to the carbonates. The electrodes consisted 
of a }-inch (3.1 mm) diameter pointed graphite rod as the cathode (upper 
electrode) and a }-inch (6.2 mm) diameter graphite rod with a 34-inch (4.3 mm) 
deep thin-walled crater as the anode. A small portion of the standard 
sample was placed in the crater, and a current of eleven amperes was run 
through the are between these electrodes until the samples were completely 
consumed. The spectral lines chosen were the barium line at 4554-0 A and 
the calcium line at 4454-7 A. A plot of the intensity ratio vs. the concentration 
ratio is shown in Fig. 20. The coefficient of variation was determined by repeatedly 
running the 1-96 Ba/Ca concentration ratio standard and was found to be 4-7 per 
cent. This value is comparable to the results commonly observed for d.c. carbon- 
are excitation in which ideal internal standardization is not achieved. The devia- 
tion can be explained by considering the nature of the barium carbonate, calcium 
carbonate system. The boiling points of calcium oxide and barium oxide, to which 
the carbonates soon decompose at the high-are temperatures, are respectively 
about 2900°C and 2000°C. Since the carbon electrode behaves like a microfurnace, 
most of the barium is votatilized ahead of the calcium. This was visually observ- 
able by the disappearance of the green colour of barium from the are in about 
fifty seconds, whereas strong calcium emission continued until one hundred 


seconds. 
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Vaporization curves of barium/calcium carbonates in the d.c. arc. 


Fig. 21. 
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Actual measurement of relative intensities and intensity ratio during the 
course of an excitation can be readily made with an instrument of this type. By 
noting the counts on the scalers each five seconds and subtracting the total 
accumulated up to the previous interval, relative intensity as a function of time 
may be determined as well as the change in intensity ratio with time. Or, by 
setting the ratio-recorder sequence selector-switch to a point where one analytical- 
line potentiometer and the internal standard-line potentiometer are in the circuit 
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Fig. 22. Analytical curve for the determination of copper in tin oxide (d.c. are excitation). 


and starting the recorder chart, a plot of the ratio of the integrated intensity ratios 
as the integral progresses may be obtained directly on the chart. Fig. 21 shows 
these variations in intensity and intensity ratios in the d.c. arc. 

To provide data for estimating the relative sensitivity of this approach, the 
instrument was employed for the determination of copper in tin oxide. Synthetic 
standards in the concentration range 0-05 to 0-5 per cent were arced to completion 
in a 15-ampere d.c. arc. The electrode assembly was identical to that used for the 
Ba/Ca ratio experiments. The analytical curve shown in Fig. 22 indicates that 
0-05 per cent copper can be determined when the intensity of Cu 5153-2/Sn 5631-7 
is correlated with the copper concentration. Since the limit of detection for 
Cu 5153-2 has been quoted as 0-01 per cent for photographic recording [14], the 
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sensitivity of the present version of the instrument is comparable in sensitivity 
achieved by existing multichannel direct-reading spectrometers. The coefficient 
of variation for this analytical scheme was found to be +8 per cent. 


High-frequency spark excitation 


Excitation with sources in this general classification presented two basic problems. 
Firstly, the radio frequency energy radiated by these sources was large enough 
to interfere with the various sensitive-trigger circuits throughout the apparatus. 
Installation of line filters at the oscillograph input and at the delay-circuit power 
supply reduced the RF energy entering through the a.c. power line to a satis- 
factory level. The addition of a coupling capacitor also eliminated the difficulties 
encountered with the RF energy detected by the 1N77 photocell in the scanning 
mechanism. The second basic problem occurs in the rapid rise time of the indi- 
vidual discharges which occur during the scan of a single line past the exit-slit. 
For an air-interrupted tandem-gap type spark source (National Spectrographic 
Laboratories “Spec-Power’’ Source) adjusted to provide about twenty breaks 
per half cycle, only two or three of these discharges occur during the scan of a 
single line past the exit-slit. These discharges are manifested on the spectrum 
monitor as two or three spikes. An envelope corresponding to a line drawn 
connecting the ends of the spikes corresponds to the contour produced by lines 
originating in a d.c.-are discharge. The rise times of these pulses are, however, 
only a few microseconds; hence, the analyzer screen phosphor is unable to decay 
rapidly enough to permit measurement of the individual pulse-heights. Moreover, 
since only two or three pulses occur during a single scan of a spectral line, a satis- 
factory continuous contour cannot be obtained by placing a capacitor of the proper 
size across the 6217 phototube resistor. 


Overdamped condenser discharge excitation 


Because of the difficulties associated with the rapid rise times of the oscillatory 
and air-interrupted type spark discharges, a search was made for a controlled 
a.c. or interrupted, undirectional discharge whose properties were as similar to a 
continuous discharge as possible. This condition was met by the highly over- 
damped condenser discharge obtainable from the Applied Research Laboratories 
“Multisource’ [11]. In this source, the discharge repetition rate was sixty cycles 
per second and was synchronized with the line frequency. By proper setting of 
the circuit constants, the discharge duration of each discharge could be made 
nearly equal to one-half of a complete cycle, i.e., the discharge was ‘‘on’”’ for nearly 
one-half of the total time. Since the RF radiation from this source was much 
higher than the spark source previously investigated, it was necessary to provide 
shielding for most of the apparatus and high-efficiency grounding for the source- 
unit as well. If care was taken to prevent the scanning repetition rate from 
synchronizing with the line frequency, a random sampling of all phases of the 
discharge could be achieved over an exposure period. When this was done, the 
discharge pattern appeared to drift across the screen relative to the line in about 


two seconds. The spectrum scanning frequency was about nine cycles per second. 
In order to make a direct comparison with the d.c.-are technique the intensity 
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ratio measurement of two copper lines from copper self-electrodes was repeated. 
The precision of 0-89 per cent was noticeably better than the 2-7 per cent obtained 
by the d.c.-are under similar conditions. 

The determination of copper in tin oxide was repeated, using the conducting- 
briquette technique [12, 13, 14]. The briquettes consisted of 50 per cent SnO, 
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Fig. 23. Analytical curve for the determination of copper in tin oxide (overdamped condenser 
discharge-conducting briquette technique). 


and 50 per cent graphite compressed in an A.R.L. briquetting press to 11.000 Ib 
per square inch. With an exposure time of forty-five seconds and using the same 
lines as in the d.c.-are method, i.e., Cu 5153 and Sn 5631, a coefficient of variation 
of -58 per cent was obtained. The analytical curve for this determination is 
shown in Fig. 23. 
10. Discussion 

The data presented in this paper show that spectral-line intensity ratios can be 
measured accurately with an instrument based on the principles described. 
Although the present version of the instrument has functioned satisfactorily, 
engineering improvements should make it possible to incorporate refinements in 
many of the components. An all-electronic analyzer to replace the analyzer 
cathode-ray tube, grid, phototube system offers possibilities of eliminating the 
phosphor-decay difficulties encountered in high-frequency spark discharges while 
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at the same time permitting more rapid scanning rates. An all-electronic analyzer 
could be based on a series of stacked Schmitt-trigger circuits. For thirty Schmitt- 
trigger circuits stacked so that the windows (trigger points) occur at 2-volt inter- 
vals, the maximum pulse-height would then be sixty volts and the minimum 
two volts. A total intensity ratio of 900 could be used (in contrast to the range of 
400 now possible with the cathode-ray tube system). The circuit would function 
in a manner similar to the cathode-ray tube pulse-height analyzer; each time the 
spectral-line pulse crosses a Schmitt-trigger point (corresponding to a grid line 
in the cathode ray tube type analyzer) a single output pulse would occur. The 
output signal from all the Schmitt circuits would then be combined and fed to the 
gating circuits as in the present version of the instrument. 

The spectral resolution of the present version of the instrument can of course 
be greatly improved by using a spectrograph of higher dispersion. With the present 
spectrometer the 4762-38 and 4766-42 A lines of manganese are electronically 
resolved when observed in the first order. The reciprocal linear dispersion of this 
instrument in the first order is about 11 A/mm. The primary restrictions on the 
resolving power are imposed by the bandpass requirements of the monitor oscillo- 
graph vertical amplifier. When short-wavelength increments are covered, the 
electronic requirements of high resolution are easier to meet than in wide-wave- 
length increments. For the same scanning rates, the latter requires a much higher 
bandpass. Thus, resolving power, scanning speed, and wavelength interval are 
interrelated, and the optimum experimental condition for a particular analytical 
problem requires a consideration of the interplay among these factors. 
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Summary—Thorium in monazite is determined by a d.c. carbon-are technique using zirconium 
as the internal standard. The analytical curve for Th II 2870-413 A/Zr II 2844-579 A is estab- 
lished by means of synthetic standards containing graduated amounts of thoria and 0-500 per 
cent zirconia in pegmatite base (60 parts quartz, 40 parts microcline, and 1 part ferric oxide). 
Monazite samples are diluted 14-fold with pegmatite base that contains 0-538 per cent ZrO,, so 
that the zirconia content of the resulting mixture is also 0-500 per cent. In addition, both the 
standards and the diluted monazites are mixed with one-half their weight of powdered graphite. 

Approximately 25 mg of the prepared samples are arced to completion at 15-5 to 17-5 amperes. 
With the 14-fold dilution employed, the accurate range of the method is 3 to 20 per cent thoria 
in the original monazite. The coefficient of variation for a single determination is 4 per cent at 
the 7 per cent thoria level. Tests with synthetic unknowns and chemically analyzed monazites 
show a maximum error of +10 per cent of the thoria content. 

If niobium is substituted for zirconium as the internal standard, there is a loss of precision. 
Platinum as the internal standard gives results of good precision but introduces a marked 
sensitivity to matrix effects. 


Introduction 


Monazite, a phosphate of cerium earth elements and thorium, has long been the 
sole commercial source of these elements. The mineral has also been extensively 
studied by those engaged in determining the geological age of rocks by means of 
lead/thorium ratios. Our previous interest in the composition of monazite with 
respect to the rare earth elements [1] has led to a study of the geochemical factors 
that control the isomorphous substitution of thorium for the rare earth elements 
in this mineral. 

Monazite ordinarily contains 5 to 10 per cent ThO,, but samples with much 
higher and lower concentrations have been described [2]. Frequently the amount 
of monazite that can be separated from a given type of rock is very small. Large 
crystals of the mineral commonly show a zonal distribution of thorium, which 
necessitates analysis of small parts of crystals. Although the spectrochemical 
sensitivity of thorium is only moderate, 1 per cent ThO, may be readily detected 
in a milligram sample. This adequate sensitivity plus the speed of determination 
makes the spectrochemical method ideal for our purpose, and the main problem is 
to attain high precision and accuracy of analysis. 

The method developed uses zirconium as the internal standard element. 
Although monazite itself is free of zirconium, commercial monazite concentrates 
may contain appreciable amounts of the element in the form of the extraneous 
mineral zircon. The presence of zircon in such concentrates may be easily checked 
by means of the petrographic microscope or the short-wave ultraviolet lamp under 


*Publication authorized by the Director, U.S. Geological Survey. 
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which nearly all zircons emit a bright orange fluorescence. Because concentrations 
of zirconium greater than | per cent in the original sample constitute an interference 
some commercial monazite concentrates may have to be further purified by re- 
moving zircon before the method can be applied. The method has been used 
mostly on mineralogic samples of highly purified monazite, which involves no 
interference because the zircon—hence the zirconium—is absent. Attempts to 
substitute niobium or platinum as the internal standard were not successful. 

The use of a suitable internal standard provides the following important 
advantages: (1) the precision of the determination is improved, (2) compensation 
is provided for matrix effects that arise from differences between samples and 
standards with respect to composition and state of combination of the elements, 
and (3) the need for accurate weighing of samples and standards is eliminated. 

If a laboratory has a series of analyzed monazites that cover a wide range of 
thorium concentration, accurate spectrochemical results may be obtained simply 
by using an analytical curve based on analyzed monazites. In general, such 
analyzed monazites are not available, so there is need for a set of synthetic 
standards to give proved, accurate results. 


Previous work 


Thorium has been spectrochemically determined in tungsten wire by Parsons [3]; 
in solutions of radioactive elements by FRep et al. [4] and by FELDMAN [5]; and in 
chemically enriched fractions separated from rocks and minerals by KinGsBuRY 
and Tempe [6], Warrne and Meta [7], and Ross et al. [8]. None of the methods 
employed is suitable for the direct analysis of monazite samples. 


Preparation of standards and samples 


A mixture (called pegmatite base) consisting of 60 parts of quartz, 40 parts of microcline, and 
1 part of especially purified ferric oxide has been used extensively,in the Geological Survey as a 
matrix for preparing standards and for diluting samples to overcome the effects of extraneous 
elements [9], in much the same way as Jaycox [10] used cupric oxide. Our method for thorium 
in monazite is based on a set of five pegmatite-base standards containing the following percentages 
of ThO,: 2-15, 1-00, 0-464, 0-215, and 0-100. Each of the standards also contains 0-500 per cent 
ZrO, as the internal standard, and in the final part of its preparation is mixed with half its weight 
(not equal weight) of graphite powder. The conce1.trations of the various elements for the 
pegmatite standards and for the prepared samples of monazite (see below) are on a graphite-free 
basis. 

Monazite samples are diluted 14-fold with pegmatite base that contains 0-538 per cent ZrO,, 
so that the zirconia content of the resulting mixture is also 0-500 per cent. Subsequently, 
graphite powder equal to one-half the weight of the diluted sample is added. The dilution and 
final incorporation of graphite powder are done by careful mixing and grinding with an agate 
mortar and pestle. The dilution with pegmatite base simplifies the handling of very small 
monazite samples, brings the Th II 2870-413 A line into an accurate densitometric range, and 
makes the sample that is arced closely approximate the standards with respect to composition 
and physical form. Materials other than pegmatite base, such as copper oxide or barium sulphate, 
would undoubtedly serve equally well as the diluent. However, the use of such materials in a 
geochemical laboratory creates the hazard of accidentally contaminating rock samples that are 
to be analyzed for traces of copper, barium, and other minor elements. 


The Th II 2870-413 A line was selected as the analysis line because of its good 
sensitivity and location in a region free of strong lines of the rare-earth elements. 
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There are only two interfering lines that need to be considered: Cr II 2870-436 A 
and U 2870-423 A. The chromium content of monazite itself is nil, but monazite 
concentrates from some regions might conceivably be contaminated with the 
mineral chromite. This black mineral can be easily recognized and removed by 
means of an electromagnet. As much as | per cent uranium is found as an integral 
component of some monazites. At such concentrations, U 2870-423 A would inter- 
fere with the thorium line in conventional methods of spectrographic analysis. 
However, the 14-fold dilution used in the present method effectively removes this 
interference by uranium. The cerium lines at 2870-500 and 2870-624 A likewise are 


too weak to cause interference in the diluted samples. 


Spectrograph: 


Cathode: 
Anode: 


Sample and standards: 


Excitation source: 
Length of exposure: 
Illumination: 


Exposure index: 


Analytical gap: 
Emulsion: 


Wavelength range: 
Emulsion calibration: 
Microphotometer: 


Apparatus and operating conditions 

Grating spectrograph with Wadsworth mounting, dispersion 5A/mm, 
Ist order. Slit width 0-025 mm. 

Graphite rod, 3-mm diameter, unpointed. 

Graphite rod, 6-mm diameter, 4-cm length; cavity 3-3-mm diameter, 
6-mm depth, wall thickness 0-5 mm. External cut extends 10 mm 
below crater lip. 

Approximately 25 mg packed tightly into anode by means of flat- 
ended glass rod. 

250-v ballasted d.c. arc, 15-5 to 17-5 amp. 

Samples arced to completion. 

Arc image focused on the slit at x 5-5 magnification, and light from 
the central 2-mm portion allowed to enter the spectrograph. 

Zr II 2844-579 A to give about 25 per cent transmission in spectra of 
prepared monazite samples. 

3-mm, maintained manually throughout the excitation period. 

Eastman type III-O, developed at 20°C for 5 minutes with continuous 
agitation. 

2230 to 3480 A, Ist order. 

Iron line group method of Diexe and Crosswuire [11]. 

Projection comparator-microphotometer employing a scanning slit at 


the plate. 


Zirconium as the internal standard 


The value of and the criteria for selecting an internal standard have been discussed 
in detail by AnReENs [12]. Zirconium, niobium, and platinum were selected 
primarily on the basis of volatility and tested by means of moving-plate and 
reproducibility studies. The data for niobium and platinum are given at the end 
of the paper. 

Fig. 1 shows how closely the intensity of Zr II 2844-579 A varies with that of 
Th II 2870-413 A during the entire period of excitation. This concordant behaviour 
must be due not only to similar volatilities of the two elements, but also to similar 
excitation energies of the two lines, because the intensity of Zr I 2875-983 A in the 
same series of moving-plate spectra varies in quite a different way from the 
intensity of Th II 2870-413 A. Sufficient data could not be found in the literature to 
calculate the total excitation energy of the thorium line. 

The excitation energies of the thorium spark line and of the zirconium spark 
line must be very close, because the intensity ratio of these two lines is only slightly 
affected when variable amounts of ceria are added to the standards. Although the 
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Fig. 1. Time-intensity curves for Zr I 2875-983 A, Zr Il 2844-579 A, and Th II 2870-413 A, and time- 

intensity ratio curve for Th II 2870-413 A/Zr II 2844-579 A. 
Data from moving-plate spectrograms of a synthetic standard. 
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Fig. 2. Analytical curve for thorium established by means of synthetic, pegmatite-base standards 
containing 0-500 per cent ZrO, as internal standard. 


addition of ceria markedly depresses the intensity of the thorium line, the intensity 
of the zirconium line is depressed nearly to the same degree so that the intensity 
ratio drops only 5 per cent between 0 and 6 per cent CeO,. Thus a set of standards 
containing no rare earths may be used to analyze monazite samples that contain 
about 4 per cent cerium earths at the standard 14-fold dilution. 
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The analytical curve for the Th II 2870-413 A/Zr II 2844-579 A line pair is given 
in Fig. 2. The most accurate portion of the curve is between 0-2 and 1-5 per cent 
thoria. This corresponds to 2-8 to 21 per cent thoria in the original samples of 
monazite when they are analyzed at the standard 14-fold dilution with pegmatite 
base. 

The standards and diluted monazite samples burn smoothly and are completely 
volatilized in about 120 seconds. The weight of the sample in the electrode may 
differ from 25 mg by +10 mg without affecting the intensity ratio. Hence it is not 
necessary to weigh the samples but only to estimate their amount to within these 
limits by using one electrode packed with a 25-mg sample as a guide. Deter- 
minations are usually made in triplicate. 


THORIUM 2870413 A 
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Fig. 3. Microphotometer tracings of the background in the vicinity of Th II 2870-413 A. Direction 
of longer wavelength is to the left. Arrows indicate reading used for background correction. 


Background correction 


Background correction has been made only for Th II 2870-413 A throughout this 
study. The background in the vicinity of this line, as shown in the microphoto- 
meter tracings of Fig. 3, is extremely complex and variable. An appreciable error 
is introduced at low concentrations of thorium if a consistent practice is not 
followed in obtaining the background reading. The highest transmittance obtained 
immediately adjacent to the line on the longer wavelength side constitutes the 
most practical definition of background. In some spectra (such as shown in Fig. 3b) 
there is a slight plateau adjacent to the thorium line where the microphotometer 
index pauses momentarily in its sweep. but this should not be interpreted as 
background. 


Precision 
The data on the precision of the method are given in Table 1. The coefficient of 
variation for a single determination is about 4 per cent as calculated from replicates 
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of a pegmatite-base standard and of a diluted monazite sample, exposed in trip- 
licate on different plates on different days. This represents a small but definite 
improvement over the coefficient of variation of 5-1 per cent obtained by means of 
the total-energy method using carefully weighed samples. 


Table 1. Precision of spectrochemical determination of thorium 


Material 


per cent ThO, 


| Avg concentration, 


Number of 


determinations 


Coeff. of 


variation® 


ThO, in pegmat 
base 


base 


Monazites diluted 
with pegmatite 


ite) 


0-464 


0-627 


3-4 


4:3 


where: 


n is the 


Table =. 


Determination 


*Coefficient of variation vy, is calculated as follows: 


Accuracy 


The accuracy of the method has been tested by means of synthetic unknowns 
consisting of pegmatite base with variable amounts of thoria and by means of 
chemically analyzed samples of monazite. The results show a maximum error 
of 9 per cent for the synthetic unknowns (Table 2) and a maximum difference of 


C is the average concentration in per cent, 
d is the difference of the determination from the mean, 
number of determinations. 


of ThO, in synthetic unknowns 


Spectro- 
chem ical 
determination 
(%) 


True 


Difference 


value (%) (%) 


tO 


0-21 
0-38 
0-48 
0-75 
0-90 
1-44 
1-69 
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7 per cent for the analyzed monazites (Table 3). The method appears to be free 
of any systematic bias. 


Table 3. Determination of ThO, in monazites 


Spectro- 
Chemical (%) Difference (%) 


Monazite 
chemical (%) 


Typical application of the method 


One question of geochemical interest is whether or not thorium is distributed 
uniformly throughout crystals of monazite. Large crystals may be cut or ground 
along crystallographic planes and the distribution of radioactivity along these 
planes determined by means of autoradiographs. Several types of zonal distri- 
bution of radioactivity have been found, and two of them are shown in Fig. 4 


Percent ThO, 
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Fig. 4. Sketch of autoradiographs of two monazite crystals showing zones of radioactivity and the 
spectrochemically determined percentages of thoria in these zones. 


together with the spectrochemically determined percentages of thoria in the 
different zones. A 5-mg sample drilled out of each of the zones sufficed for the 
spectrochemical determinations. 
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Notes on other internal standard elements 


As previously mentioned, the presence of more than | per cent ZrO, in the original 
monazite sample constitutes an interference to this method. Commercial monazite 
sands may contain interfering amounts of zirconium in the form of the mineral 
zircon. The analysis of such sands requires either the preliminary removal of 
zircon or the use of an internal standard element other than zirconium. Niobium 
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Fig. 5. Time-intensity curves for Th II 2870-413 A and Nb II 2868-525 A and time-intensity ratio 
curve for these lines. Data from moving-plate spectrograms of a prepared monazite sample 
containing 0-500 per cent Nb,O,. 
and platinum have been found unsatisfactory as internal standard for thorium. 
Our experiments with these elements will be described briefly because a comparison 
of the behaviour of these elements and of zirconium in the d.c. are throws addi- 
tional light on the factors that determine whether an element will serve as the 
internal standard. 

Moving-plate studies of a prepared monazite sample, such as that shown in 
Fig. 5, indicate that although both Th II 2870-413 A and Nb IT 2868-525 A (at 
0-500 per cent Nb,O,) are emitted most strongly over the same time interval of 60 
to 120 seconds they differ considerably in the details of emission. Moreover, these 
differences in details of emission are not reproducible from one series of moving- 
plate spectra to the next. The coefficient of variation for a single determination by 
means of Th II 2870-413 A/Nb IT 2868-525 A line pair is 6-3 per cent compared to 
4-3 per cent for the Th II 2870-413 A/Zr II 2844-579 A pair. This poorer reproduci- 
bility discouraged any further studies of niobium as the internal standard. 

The emission characteristics of Th II 2870-413 A and of Pt I 2830-295 A (at 
0-100 per cent Pt) may be compared in the moving-plate sequence of a prepared 
monazite sample given in Fig. 6. Because all lines of ionized platinum are weak in 
the carbon arc, it is necessary to use a line of the neutral atom. The maximum 
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emission of the platinum line is attained earlier than that of the thorium line, but 
there is a considerable overlap of time when both lines are emitted strongly. 
Replicate moving-plate studies show that the time-intensity curves of Fig. 6 
are highly reproducible. The coefficient of variation for a single determination of 
thorium in monazite is 4-2 per cent. The reason why the Pt I line serves as 
internal standard for Th II 2870-413 A is not immediately apparent. There are 
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Fig. 6. Time-intensity curves for Th II 2870-413 A and Pt I 2830-295 A and time-intensity ratio 
curve for these two lines. Data from moving-plate spectrograms of a prepared monazite sample 
containing 0-100 per cent Pt. 


differences in both volatility and excitation energy involved, but their effects 
cannot be evaluated separately with the data at hand. 

In one possible explanation, the Pt I line may be regarded primarily as a 
monitor of that part of the excitation sequence that immediately precedes the 
period of maximum emission of Th II 2870-413 A. However, the excitation 
conditions of the later period are largely determined by the conditions of the 
immediately preceding period. Thus internal standardization here seems to 
represent the response of an analytical pair to successive rather than simultaneous 
events in the carbon arc. 

The difference in the excitation properties of the two lines leads to an undesirable 
sensitivity of the line pair to matrix effects. Whereas the addition of 6 per cent 
CeO, to the standards depresses the Th II 2870-413 A/Zr II 2844-579 A ratio by 
only 5 per cent, the same amount of CeO, depresses the Th II 2870-413 A/Pt I 
2830-295 A ratio by 18 per cent. The sensitivity of the line pair to matrix effects 
also causes the analytical curve derived from synthetic standards to have a 
flatter slope than the curve derived from analyzed samples of monazite, even 
after 4-2 per cent CeO, (corresponding to the cerium-earth content of average diluted 
monazite) is added to every step of the synthetic standard. 
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Titanium is a possible internal standard element, but the common occurrence of 
titanium minerals like rutile and ilmenite in monazite sands would discourage its 
use, at least at concentration levels of a few per cent or less. It may be possible 
to overcome such interference by using a great excess of TiO, as a diluent for 
monazite and by using a very weak Ti II line for internal standard. Preliminary 
moving-plate tests on 1 per cent ThO, in TiO, have shown that Ti II 2862-321 A 
varies closely with Th II 2870-413 A, but the use of excess TiO, has not been 
studied further. 
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Spectroscopic assay of lithium isotopes 


I. Measurements at high intensity 
Il. Measurements on small samples at low intensity 
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Summary (Part I)—A method for the determination of the natural Li’/Li® abundance ratio is 
described in which measurements are made at relatively high intensity. The correction applied 
for self-absorption was developed from theoretical considerations and observations on the Li? 
doublet intensity ratio. A liquid air-cooled hollow-cathode source was used to reduce the 
Doppler broadening. The 46707 lines were resolved using the Argonne 30-ft Paschen-Runge 
spectrograph. The Fabry-Perot interferometer was also investigated as the high-resolution 
instrument. The problems involved in making precise intensity measurements with both high- 
resolution instruments have been investigated and appropriate instrumental corrections made. 
The Li’/Li® ratio found for normal lithium in laboratory lithium reagents was 13-5 + 0-2. 


Summary (Part II)—The isotope assay method described in Part I has been modified so that 
determinations can be made on 2-microgram samples. With the new source (6707 can be 
observed without self-absorption as shown by the doublet intensity ratio 2-04 + 0-02 found for 
Li’. Using mixtures of separated isotopes it is shown that the intensity ratio is identical with 
the abundance ratio in the range of normal lithium. The Li’/Li® ratio in laboratory reagent 
lithium salts was found to be 13-5 + 0-2. This result is identical with that found in Part I 
but is somewhat higher than the presently accepted value. 


MEASUREMENTS AT HIGH INTENSITY 
Introduction 


Experience with uranium isotopes [1] has shown that the optical spectrographic 
intensity ratio for the same spectral line for two isotopes was identical with the 
abundance ratio as determined mass spectrometrically and had comparable pre- 
cision. It was hoped that a method for lithium isotopic assay could be developed 
in a similar manner using the previously described [1] recording equipment. This 
paper describes such a spectroscopic method. 

Published values [2] for the natural Li’?/Li® abundance ratio range from 7-2 to 
14-9. A value of 12-11 is obtained from the chemical atomic weight determination 
and the atomic masses of the isotopes. The optical spectroyraphic values centre 
around 8 while more recent mass spectrometric values average about 12-5. Of the 
former, two involved band spectrum measurements on Li, and LiH resulting in 
ratios of 7-2 [3] and 8-0 [4], respectively, while a third [5] value of 8-1 was found, 
using the resonance line 46707 in the atomic spectrum. G. L. StUKENBROEKER 
et al. |6] used this line to make isotope assays based on standard samples analyzed by 
a mass spectrometer. More recently calculations by HutcHison [7] using pre- 
cision density and X-ray lattice data resulted in a ratio of 11-54. 
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The present determination utilizes the atomic spectrum, the resonance line of 
Lit being most suitable because it exhibits a greater isotope shift in angstroms 
than any other Lit line. The Li 1 lines show a greater isotope shift than the Li tI 
resonance line; however, Li 1 lines are difficult to excite and their fine structure is 
considerably more complicated, at least for the strong lines. 
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Fig. 1. Liquid air-cooled hollow-cathode tube. 


The reasonance line of lithium is a doublet similar to the sodium D lines but 
with a smaller fine structure splitting. The Li*-Li’ isotope shift is nearly identical 
with the lithium fine structure splitting, so that for mixtures one observes three 
lines: in order of increasing wavelength, the strong component of Li’, the weak 
component of Li? superimposed on the strong component of Li®, and finally the 
weak component of Li®. By measuring the intensities of the strong Li’ and the 
weak Li® lines in the absence of self-absorption and employing the fact that the 
intensity ratio of the fine structure doublet should be 2:1 for either isotope, one 


may calculate the abundance ratio as follows: 


R = 0-5 1,7/1,° 


where R, the intensity ratio, is equal to the abundance ratio, /,’ is the intensity 
of the strong Li’ line, and /,° is the intensity of the weak Li® line. 
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Grating measurements 
The reasonance line pattern was resolved either by the 30-ft Paschen-Runge 
grating spectrograph [8] or by the Fabry-Perot interferometer. The use of the 
spectrograph was investigated first. 


Experimental 


The fourth order of 46707 falls in the region of high intensity for the 53° slit and the B side [8] 
of the grating, with a reciprocal dispersion of 0-35 A/mm. Since it falls near the entrance slit the 
radius arm photocell carriage [8] was used with an 80-micron exit slit, the lines being scanned 
at the rate of 0-5 mm per minute. A 100-micron entrance slit was employed. A second phototube 
fixed on the same line in the second order provided the internal standard signal. The photocells 
used were RCA 1P21 photomultiplier tubes, whose signals were amplified and their ratio 
recorded on a Leeds and Northrup Ratio Recorder.* By measuring the ratio, small fluctuations 
in the light source during the time of scan were automatically compensated. 

Initially a ScHt(LER-GOLLNOw [9] type water-cooled hollow-cathode tube was used to excite 
the sample. However, sharper lines were observed with a liquid air-cooled hollow-cathode tube, 
which was subsequently adopted for the analysis. The discharge was operated in a closed 
circulating system in an atmosphere of argon at 1-5 mm Hg pressure. 

The hollow-cathode tube (Fig. 1) consisted of a copper cup which was sealed to a large male 
ground glass joint which provided a convenient means of changing samples. The aluminium 
cathode was slipped into the cup and was made to fit snugly so that good thermal contact was 
maintained. The main body of the tube was permanently sealed to the vacuum line, and the 
joint, assembled as in Fig. 1, was warmed by circulating water through the jacket so that 
the Apiezon-N grease remained soft. The aluminium anode was suspended in a glass tube which 
was flanged to hold it. Electrical connection to the anode was made by a copper wire brought 
in through a side arm. A quartz window was cemented to the top with Apiezon W. The tube 
was mounted with the optic axis vertical and the light was reflected into the spectrograph by a 
front surface mirror. The liquid air level was controlled automatically [10]. 

When the discharge was first started in the cathode, it was operated at low current (10 to 
30 mA) to avoid erratic vaporization due to local overheating. During the initial period when 
the sample was being reduced, the intensity gradually increased and could subsequently be 
further increased by raising the current. 


It was apparent early in the development of this method that measurements 
could be made at low- or high-source intensity with definite advantages and dis- 
advantages for each condition. At low light levels the statistical fluctuation in the 
number of quanta becomes appreciable and is aggravated by the poor quantum 
efficiency of the photomultiplier in the red, requiring operation of the tube at high 
gain. The resulting poor signal-to-noise ratio limits the precision of the measure- 
ments. However, self-absorption and line broadening are minimized. On the 
other hand, at high intensity the noise is reduced but the self-absorption becomes 
appreciable and must be corrected for. 

The latter condition was investigated first, and it was found that the amount 
of self-absorption at a given intensity depended upon the reproducibility with 
which the sample was placed in the cathode. A two-piece aluminium cathode was 
developed to permit more uniform deposition of the sample. A drop of solution 
containing 40 micrograms of lithium as the sulphate was evaporated on the pin of 
the lower piece, leaving the lithium sulphate as a flat uniform deposit. When the 


* We are indebted to Leeds and Northrup for the use of their experimental amplifiers and ratio 
recorder. 
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cathode was reassembled the deposit was always at the bottom of the cathode hole. 
As a result of the reproducible vapour column the self-absorption at a given 
intensity could be reproduced from cathode to cathode. 


Norma! 


Spurious Background 


4 4 re) 


| | 


Fig. 2. Trace of Li’ superimposed on normal lithium. The excessive noise is due to the operation 
of the source at very low intensity in order to approach a 2: | doublet intensity ratio. 


Background corrections 


Ordinarily background corrections are simply made by subtracting from the peak 
intensity the adjacent background due to the light-source continuum. In the case 
of the grating used for the lithium determinations, the problem was complicated by 
weak satellites adjacent to each strong line, a characteristic of the grating. This 
correction was further complicated by the fact that the proper background 
correction cannot be observed directly in isotope mixtures as shown at B in Fig. 2. 
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This figure is a trace of separated Li?* superimposed on a trace of normal lithium. 
The background at C can be observed in mixtures of the isotopes and is accordingly 
subtracted from all components, since it is essentially the same on both sides of the 
pattern. The additional background indicated at B must also be subtracted as 
shown by the Li’ trace. This spurious background was found to be 3-46 per cent 
of the neighbouring weak Li’ line. The Li’ contained 0-14 per cent Li®, which was 
considered too small to contribute significantly to the background at B. Similarly 
the spurious background on the low wavelength side was determined to be 3-75 per 
cent of the strong Li’ peak, as shown at A in Fig. 2. These values were constant for 
all but the highest intensities, when line broadening requires additional back- 
ground subtraction. 

In isotope mixtures, the observed background at C was subtracted from all 
components, after which 3-46 per cent of the composite (Li,,’? + Li,*) line was sub- 
tracted from the weak Li® line, the same percentage of the strong Li’ line sub- 
tracted from the composite line, and finally, 3-75 per cent of the composite line 
subtracted from the strong Li’ line. 


Self-absorption 


The self-absorption was studied using a sample of Li’ containing a negligibly 
small amount (0-14 per cent) of Li®. The lithium resonance doublet 46707 was 
scanned at currents of 20 to 165 ma to give a 100-fold range of intensity. A plot of 
the observed intensity of the strong line against the weak line is shown in Fig. 3. 
The intensity scale is arbitrary, an intensity of 1 corresponding to one micro- 
ampere full scale deflection of the recorder after a 100-fold amplification of the 
photocurrent with 75 volts per dynode on the photomultiplier tube. The points 
shown represent data from three different cathodes. The points for a particular 
cathode deviate from the curve by +0-8 per cent, which illustrates the overall 
reproducibility in measuring the intensity ratio from sample to sample over a wide 
range of intensity. The broken line is the plot for no self-absorption, i.e., for a 
2:1 ratio at all intensities. At low intensities the observed ratio approaches 2: 1. 
It is apparent that a large correction for self-absorption is necessary at the higher 
intensities. 

Cowan and Dreke [11] have given a comprehensive discussion of the theory of 
self-absorption of spectrum lines in which they show that since the self-absorption 
varies over the line contour, the observed self-absorption is a function of the 
effective slit-width of the spectrometer. 

Because of the poor red sensitivity of the detecting system, it was necessary to 
utilize as much of the light as possible. Thus, wide slits had to be used and it was 
impossible to measure the true contour of the line. However, since the line-width 
at high intensity approaches the magnitude of the isotope shift itself, a slit wide 
enough to observe the total line would result in poor resolution due to the over- 
lapping of one component by its neighbours. The slit-widths used were the 
widest possible without apparent loss of resolution. Although this choice measures 
neither the peak nor the total line intensity, it was expected that for some range 


* The separated isotopes were obtained from the Stable Isotope Research and Production Division, 
Oak Ridge National Laboratory, Oak Ridge, Tennessee. 


387 


53/54 
‘ 


J. K. Bropy, M. Frep, and F. 8. Tomkins 


of intensities the same fraction of the total line would be observed for both isotopes, 
giving a reliable abundance ratio. 

After a study of the work of Cowan and Drexe [11] and others [12], it appeared 
feasible to develop an expression for the self-absorption of the lithium resonance 


SELF ABSORPTION OF LU” 


STRONG 


z 

z 


o«4 os 10 
INTENSITY Li? wEeAK 


Fig. 3. Observed intensity Li,’ vs. Li,*. (The broken line shows a 2: | ratio for all intensities.) 


lines, using the intensity measurements for the separated Li’ isotope and certain 
assumptions regarding the hollow-cathode source. HALPERIN and SAMBURSKY 
(13), by a somewhat different procedure, derived similar expressions to correct for 
the self-absorption of the rubidium resonance lines in the d.c. arc. 
The expressions developed for the lithium self-absorption (see Appendix for 
detailed derivation) are as follows 
1/K {1 — exp (—KJ,,)] (7) 
I 1/K {1 — exp (—K_J,,)] 


I 1/K [1 — exp (—2KJ,,)]. 
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By solving for 7, and K from (7) and (8) one obtains 

= 2-303 [/,,?/(2/,, — J,)] log — J,,)]. (9) 
In these expressions, /, and J, are the observed intensities of the strong and weak 
lines of the doublet respectively, /,, and /,,, the intensities which would have been 
observed in the absence of self-absorption, and K is a constant. /,, was calculated 
from Eq. (9) for the various observed intensities of the strong and weak lines from 
measurements on Li’. J,,, was then plotted against J,; J), = 2/9, against /,. 
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Fig. 4. Variation of Li’ doublet ratio with intensity (Curve A) 
and plot of weak against strong Li’ line (Curve B). 


For any observed intensity of either strong or weak line, the corresponding 
unabsorbed intensity was read from the appropriate curve. The curves were the 
same for both isotopes except at the highest observed intensities, where slit-width 
effects become apparent. At the highest intensities, the self-absorption amounts to 
about 25 per cent of the observed intensity of the strong Li’ line. 

In order for the correction to be valid it is necessary that the sample dis- 
tribution in the cathode be the same as that which prevailed during the Li’ 
calibration and that no shifts in the intensity scale occur due to optics misalignment, 
photomultiplier fatigue, etc. 

The unabsorbed doublet intensity for Li? was found from Curve A of Fig. 4. 
This is a plot of observed doublet ratio /,’//,,’ against /,’, data for which are shown 
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in Table 1. The ratio decreases with increasing intensity, and when extrapolated 
to zero intensity gives an unabsorbed doublet ratio of 2-034 + 0-02. In an attempt 
to account for the difference between this value and the theoretical ratio of 2-00, 
the validity of the background corrections were investigated by plotting /,’ 
against /,? shown by Curve B of Fig. 4. The observed intensities, Table 1, at the 
lower end of the range are shown plotted on an expanded scale and extrapolated to 


Table 1. Variation of Li? doublet ratio with intensity 


| 
Doublet ratio’? Number of 
17/1," measurements 


0-183 0-088 2-08 + 0-057" 8 
0-495 0-251 1-98 + 0-060 5 
0-894 0-464 1-93 + 0-033 3 
1-226 0-647 1:90 + 0-O15 6 
2-200 1-206 1-82 + 0-020 6 
2-541 1-414 1-80 + 0-025 4 
5-037 2-998 1-68 + 0-020 6 


*) J? and J,’ are the observed intensities of the strong and weak lines respectively of Li’ after back- 
ground corrections. 

* Average of individual ratios of J,’//,.’ calculated for each trace. Intensities listed are averages at 
a given level and their ratio may not give the average doublet ratio listed. 

' The uncertainty is the mean deviation for the number of observations given, i.e., m.d. = Lv/n 
where Lv is the sum of the difference (without regard for sign) of the individual observations from the 
average ratio and n is the number of observations. 


zero intensity. The fact that the curve intercepts the origin indicates that the 
background corrections are essentially correct. It was assumed that the difference 
between 2-034 + 0-02 and 2-00 was without significance. 


Interferometer measurements 


In addition to the method described above using grating measurements, an 
alternative procedure was developed using the Fabry-Perot interferometer to 
resolve the line pattern, with the grating spectrograph as a monochromator. This 
procedure was intended to serve a threefold purpose; to eliminate or at least to 
change the nature of the large background corrections required in the grating 
measurements, to investigate any advantages which the increased resolving power 
might afford, and to investigate the problems involved in making precise intensity 
measurements with the Fabry-Perot interferometer. 


Experimental 


The interferometer fringes may be scanned by vertical motion of a horizontal 
exit slit in the focal plane at the wavelength of interest. This arrangement requires 
a stigmatic spectrograph and an exit slit of small area. The resulting trace exhibits 
an appreciable intensity envelope. Alternatively, the fringes may be moved across 
the entrance slit while the exit slit remains fixed. The motion may be vertical, 
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horizontal, or radial, the last being produced by a change of path length in the 
interferometer. According to MEISSNER [14], radial scanning is most satisfactory 
because observations may be made on the central fringe where the resolving power 
and the dispersion are a maximum. For a simple spectrum this permits use of a 
hole in place of the entrance slit, resulting in a gain in intensity because of the 


Fig. 5. Optical arrangement for Fabry-Perot interferometer. 


larger entrance area, and eliminates the intensity envelope because of the fixed 
optics. However, the horizontal scanning method was adopted as most practical 
with the equipment available. Horizontal motion of the fringes across a curved 
entrance slit was produced by rotation of the interferometer about its vertical 
axis. The radius of curvature of the entrance slit was 25 mm, calculated to match 
the fifth fringe when imaged by a 1-meter lens. With a 12-mm slit-height and 
0-30-mm width, both the fourth and fifth fringes could be used without loss of 
resolution. This method of scanning eliminates the intensity variation in the 
fringes due to any nonuniform brightness of the source, which in the parallel light 
method is also imaged on the slit. With a short, straight slit no variation of 
intensity with order is observed. The longer curved slit utilizes more of the light 
but introduces some intensity variation with order amounting to 2 per cent 
maximum for the fringes used. Corrections were made for this variation. 
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The choice of slit-width depended upon the width of the lines as well as the 
magnitude of the isotope shift. Instrumental and Doppler effects were the principal 
causes of broadening. The former was calculated to be 0-028 A [15] and the latter 
0-019 A for Li® and 0-018 A for Li? assuming a temperature of 100°K for the 
liquid air-cooled source. The resulting half intensity width was 0-039 A [15]. 
The 0-30-mm slit-width used to observe the fringes is equal to 0-08 order when the 
fringes, produced with a 4-mm spacer, are imaged on the slit by an 870-mm focal 
length lens. Since one order had a spectral range of 0-612 A the 0-3-mm slit-width 
covered 0-049 A, a value appreciably greater than the half width 0-039 calculated 
above. Hence the peak intensity observed for each component was nearly equal 
to the integrated intensity. The difference in Doppler distribution for Li® and Li’ 
was small compared to the actual line-width and is further minimized by the wide 
slit. The requirements for resolving the three components of the lithium pattern 
imposed an upper limit on the slit-width. 

The optical system is shown in Fig. 5. The source, S, was the same as described above, and 
was imaged by lenses L, and L, on the auxiliary slit,S,, which was used to eliminate the secondary 
fringes according to the method of ToLansky [16]. The radius of S, was 5 mm, given by the 


ratio of the focal lengths of L, and L, times the radius of the entrance slit of the spectrograph, 
S,. The light chopper, C, was mounted in the parallel beam and was made of polished stainless 
steel blades which on alternate half-cycles reflected light into the internal standard photocell. 
The interference filter, F,, was used to isolate a small spectral region around 46707. The lithium 
line constituted 97 per cent of the internal standard signal. The red filter, F,, eliminated second 
order for both the interference filter and the spectrograph. The interferometer was built in this 
laboratory [17] and was used with 4- and 5-mm spacers. The 4-mm spacer was found to give 
optimum spacing of the components. The instrument had excellent stability and no readjust- 


ment of the plates was required throughout the course of this work. 


Table 2. Reproducibility of intensity measurements on Li? 


Ratio 


AR 


0-017 
0-001 
0-012 
0-024 
0-003 
0-001 
0-001 
0-001 
0-005 
0-006 


0-681 
0-668 
0-672 
0-668 
0-676 
0-670 
0-670 
0-670 
0-669 
0-665 


Average + 0-007 
+ 0-392 


For convenience the 30-foot Paschen-Runge mounting was used as the monochromator for 
the fringes, although a smaller instrument could be used for this purpose. The wide exit slit 
and photocell were placed at the first order of 46707. The loss of light in the interferometer and 
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the resulting loss of signal was partially compensated for by using a short focus lens to produce 
a reduced image of the grating aperture on the most sensitive area of the photocathode, resulting 
in a fivefold gain in signal. 

The photocell outputs were fed into the ratio recorder previously described [1]. The output 
converter of the internal standard preamplifier was reversed to compensate for the 180-degree 
phase difference between the transmitted and reflected beams. The gain of the preamplifiers 
was increased to 500 and the time constant of the recorder increased by a factor of four, in an 
effort to overcome the poor photocell] response in the red. A better signal-to noise ratio was 
obtained with reduced multiplier gain (dynode voltage) and increased amplifier gain. 


Fig. 6. Traces of interferometer fringes for Li? and nermal lithium. 


As an example of the capabilities of the equipment, Table 2 gives the results of 
consecutive measurements of the Li’ doublet in the fourth fringe, showing that 
lines with an intensity ratio of 1-7 can be measured with a mean deviation of 


+0-007 or 0-4 per cent. 

Fig. 6 shows typical traces of Li’? and normal lithium scanned at a rate of 0-3 
order/minute. In spite of the poor photocell efficiency, noise-free traces can be 
obtained with sufficient gain in the preamplifiers and sufficient filtering in the re- 
corder. The latter places an upper limit on the scanning speed. 


Corrections for instrumental intensity distribution 


The light source was operated as described above, except that the sample size was 
increased to 55 micrograms of lithium. Measurements were made on the fourth 
and fifth fringes, which were scanned a number of times at each intensity level. 
Corrections were made for the intensity envelope from order to order in the fringe 
pattern by scanning the Li’ doublet from the second through the eighth order. 
Maximum intensity was observed at the position of the weak Li® line for the fifth 
fringe. Using this as the reference intensity, the other fringe intensities were 


corrected as shown in Table 3. 
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Table 3. Fringe intensity distribution corrections 


Component Fringe number‘® Correction”? 


Li, ® 
+ Li,? 


Li,’ 


Li,® + Li, 
Li,? 


‘*) Counted from centre. 
‘*’ Per cent of observed peak intensity to be added. 


A further correction was necessary for the inherent intensity distribution 
due to the interferometer. This arises from the fact that the intensity between 
fringes does not go to zero but follows the expression [18] 


IT = Inax {1 + [4R/(1 + R)*] sin? (6/2)}-? 


where R is the reflection coefficient of the interferometer coating and 6 is the phase 


PEAK INTENSITY 


PERCENT OF 


° 


04 0.5 06 


FRACTIONAL ORDER 


Fig. 7. Comparison of experimental and theoretical intensity distribution for Cd 46438. The 
curves were calculated by the Airy formula, and the points taken from the Cd traces. The position 
of the lithium lines is indicated for a 4-mm spacer with Li,’ at zero fractional order. 
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difference between the interfering beams. This correction was evaluated empiric- 
ally by scanning fringes of the 46438 cadmium line excited in the liquid air- 
cooled hollow-cathode source. The experimental intensity distribution showed 
reasonable agreement with the theoretical distribution for a reflectivity of 86 per 
cent. The interferometer plates were silvered to give a 10 per cent transmission 
in the red, which corresponds to a reflectivity of 87 per cent according to the 
relationship found by Bricut, Jackson, and Kuuwn [19]. The intensity dis- 
tribution experimentally determined for the Cd 46438 line is compared with the 
Airy formula corrections in Fig. 7. The measured peak intensities were corrected 
for their mutual contributions according to Table 4. 


Table 4. Interferometer background intensities 


Component = 
Fractional 


Order'® Correction 
Measured Interfering 
Strong Li? 0-53 ~0-75 
Weak Li® 
Weak Li’ + Strong Li® 0-285 —0-95 
Strong Li’? 0-245 1-20 


Strong Li’? 


‘*) For 4-mm spacer. 
‘») Per cent of peak intensity of interfering line, to be subtracted from observed intensity 
of measured line. 


The corrections of Table 4, derived experimentally from cadmium 6438 
traces, were verified for lithium 46707 by scanning the interference pattern for 
separated Li’ and observing the background at the position of the weak Li® line. 
Fig. 8 is a comparison of observed and calculated background, plotted as a function 
of the combined peak intensities of the Li’? doublet. The excess background 
observed at high intensities is due to current broadening of the lines in the source. 


Self-absorption 
The correction for self-absorption was determined from the interference pattern 
for Li? in the same manner as for the grating measurements. Fig. 9 is a plot of the 
doublet ratio against intensity of the strong line, showing a linear decrease in ratio 
over most of the intensity range. It is apparent that the doublet intensity ratio 
does not approach 2:1 as a limit, but a somewhat lower value. An initial linear 
decrease of ratio with intensity is to be expected from the expressions for self- 
absorption [Eqs. (7) and (8)]. Thus by expanding the exponentials in a power 
series and taking the ratio, one obtains 


= (Los! Low) (1 — 4K(I,, — + (10) 
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Fig. 8. Comparison of calculated and observed background. 


5 6 7 


OBSERVED INTENSITY STRONG Li’ 


Li’ doublet intensity ratio The uncertainties shown are the mean deviations of the 
individual observations from the mean ratio.) 


Hence the observed ratios extrapolated to zero intensity should give the true 
doublet intensity ratio, expected to be 2 but found experimentally to be 
1-906 + 0-02 according to Fig. 9. The validity of this ratio will be discussed 
below. The former self-absorption correction, Eq. (9), derived on the basis of a 
2:1 doublet intensity ratio, is evidently not applicable in the interferometer 
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Fig. 10. Self-absorption correction curve for interferometer measurements. 


measurements. With a doublet ratio of 1-906 it is not practicable to derive a cor- 
responding exact expression for /,,, in terms of /, and /,. Instead, Eqs. (7) and (8) 
were written 
Kl, 1 — exp (—1-906KJ,,) (7A) 
Kl, 1 — exp (—K/J,,). (SA) 
The ratio /,//,, was calculated from these equations as a function of K/J,,. It was 
found by trial that values of K/J,,, from 0-015 to 0-40 would give ratios of J,/J,, in 
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the range of the observed ratios. For each calculated ratio a corresponding 
observed J, was found from Fig. 9, and AK and /,,, were then calculated from (7A). 
Over this intensity range the values obtained for K decreased from 0-10 to 0-08. 
Graphs were prepared giving /,, as a function of /,, and J,, as a function of /,. 
These graphs are shown in Fig. 10 and were used to make the self-absorption 
correction. 


Observations 


Using the grating alone, a series of normal lithium samples was run, of which 
sample 10587 (Fig. 11, Table 5) is typical. The figure shows the Li’/Li® ratio, 
calculated from the intensity measurements, plotted against the intensity of the 
strong Li’ line. Sample 10587 was Li,SO, converted from Merck reagent Li,CQ,. 
Sulphates were used because the separated isotopes were obtained in this form. 
Sample 10584 was normal lithium with added Li®. Fig. 12 shows a similar plot for 


Table 5. Li?/Li® intensity measurements (grating) 


Compo- Number 

Sam ple gition 1 7 7 64 R® AR®) I, 6 R,'®) of 

number | 8 Ow 0 
(Li‘/Li®) observations 


10587 


Normal (0) (13-40) (13-55) 


0-692 0-029 11-90 +086 0-730 0-029 12-59 ll 
1-239 0051 12:17 +053 1-380 0-051 13-56 
2-322 0-106 1099 40-17 2-832 0-106 13-42 10 
3-279 0-162 10:10 +033 4-210 0-162 12.98 12 
3-740 0-193 9-69 +020 4903 0-193 12-69 6 
2-833 0-133 10-68 +037 3-563 0-133 13-42 6 
1478 0-062 1196 +035 1.690 0-062 13.68 7 


0-031 13-14 0-905 0-031 


10584 (11-65) 


0-521 0-023 I1-11 +102 0540 0-023 11-46 14 
1053 0049 10-81 +033 1-148 0-049 11-56 8 
1-761 0-086 10-30 +049 2-069 0-086 12.08 8 


0-143 9-32 40-07 3-366 


0-143 


‘*) Averages of individual ratios (Li’/Li*) calculated for each trace. Intensities listed are averages 
at a given level and their ratio will not necessarily give the average R listed. 

*' Mean deviation for number of observations given, i.e., m.d. = Lv/n, where Xv is the sum of the 
differences (without regard for sign) of the individual ratios from the average ratio, and n is the number 
of observations. 


a determination of normal lithium, observations being made during prolonged, 
continuous operation of the source. The intensity was increased to a value of 4 and 
then decreased. The corrected ratios are shown in Fig. 12A, the observed ratios 
in Fig. 12B. 

In the interferometer measurements, samples of normal lithium and samples 
synthesized from the separated isotopes to give ratios of 9-44, 12-86, and 18-55 
were measured over a fourfold intensity range. Corrections were made for fringe 
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Fig. 11. Variation of isotope ratio with intensity, grating measurements. (Sample 10587 is normal 
lithium and 10584 is enriched in Li*® to give a Li’/Li* ratio of 11-23. The uncertainty shown in the 
ratio is the mean deviation of each set of observations from the mean ratio. The circles are observed 
ratios, the dots are the ratios corrected for self-absorption.) 


RATIO Li’/Li® 


| 
6) 2 3 


INTENSITY (12) 


Fig. 12. Variation of isotope ratio with intensity upon prolonged operation of the source, grating 
measurements. [The circles are the observations made at increasing intensity; the triangles at 
decreasing intensity, calculated from the corrected (A) and uncorrected intensities (B).] 
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Li?/Li® intensity measurements 


Sample 


number 


Composition 


(Li?/Li®) 


1° 


R® 


AR®) 


R,‘* 


Number of 
observations 


11302 Normal (0) (13-66) (13-66) 
0-375 0O-O17 11-7 0-44 0-384 OO17 6 
0-761 0-031 12:83 O32 0790 0-031 13-30 12 
1-364 0-056 12-86 0-25 1-460 0-056 13-71 
2.261 0-098 12:14 O28 2-542 0098 13-55 6 
3-351 0-154 11-40 0-46 3-992 0-154 13-57 6 
| 4350 0-215 10-63 O16 5438 0217 13-17 6 
11308 | Normal (0) (13-60) (13-60) 
0-324 0OO14 12-2 0-88 0-334 0-014 12.60 6 
0-559 0-024 12-13 0-40 0-588 0-024 12-75 6 
1001 0-043 1232 025 1053 0.043 12.97 4 
0-045 12-90 035 4-171 0-045 13-63 6 
| 2.378 0-104 12:06 0-37 2-690 0-104 13-64 10 
4:105 0-203 1060 0-34 5-072 0-205 12-98 ~ 
5-884 0-312 9-93 8-100 O-318 13-34 8 


11303 | Normal” (0) (14-10) (14-10) 

0-322 0012 138 4057 0328 OO12 141 7 
0-860 0-033 12-78 0-34 0-897 0-033 13-38 s 
| 0-935 0-038 13-55 044 0980 0-038 14-14 4 
1-663 0-068 12-80 0-41 1810 0-068 13-92 6 
| 2-237 0-096 12-18 0-34 2-510 0-096 13.68 S 

2613 O-116 11-86 0-15 2995 0-116 13.58 

3-206 0-152 11-09 O14 3-790 0-152 13-11 6 


11305 ca. 9-44 (QO) (8-60) (8-60) 
| 0-340 0-022 836 1047 0347 0022 8-47 6 
| 0-484 0-031 829 O40 0496 0-031 849 5 
1-442 0-099 7-68 O-15 1550 0-099 8-25 7 
| 2-179 O148 771 O21 2-435 O148 8-65 8 
3-140 0-209 7-88 0-08 3-700 0-211 9-23 5 


11306 ca. 18-55 (0) (18-3) (18-3) 
0-768 0-024 17-3 0-25 0-772 0024 17-9 s 
1-200 0-034 16:96 0-80 1-273 0-034 18-06 8 
1711 0-057 1560 0-16 1-861 0-057 17-04 7 
2-368 0-089 14-02 0-23 2-675 0-089 15-90 8 
3-080 0-133 12-13 0-21 3-616 0-133 14-29 4 
11307 | ca. 12-86 (0) (11-08) (11-08) 
| 1-265 0-065 10-28 O-15 1-348 0-065 10-904 8 
| 1-666 0-087 10-04 0-24 1812 O-O87 10-91 
2-008 0103 1022 O13 2-220 0-105 11-05 8 
2-617 0-146 942 0-16 2-998 0-146 10-79 | ~ 
3170 O184 905 026 3-752 O185 1063 | 8 
3-854 0-233 8-69 0-08 4-705 0-236 10-59 | 6 


*) Averages of individual R's of Li’/Li* calculated for each trace. Intensities listed are averages at a 
given level and their ratio will not necessarily give the average R listed. 

*» Mean deviation for number of observations given, i.e., m.d Xwv/n, where Xv is the sum of the 
differences (without regard to sign) of the individual observation from the average ratio, and n is the 
number of observations. 


A rerun of the same cathode, 11302. 


See text. 
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ratio vi 
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= 
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INTENSITY (12) 


Fig. 13. Li’/Li® intensity ratio for normal lithium vs 


intensity, interferometer measurements. 
(The dots and circles are ratios calculated 


from the intensities corrected and 


uncorrected for 
self absorption, respectively -) 


distribution and background intensity as discussed above. Isotope ratios were 
calculated from intensity ratios with and without self-absorption correction. The 
data are given in Table 6 and the ratios are shown in Figs. 13 and 14 plotted 
against the intensity of the strong Li’ line. 


Results 
The figures (11, 12 


2. 13) for both grating and interferometer measurements have a 
number of characteristics in common. The ratios corrected for self-absorption are 
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Fig. 14. Variation of Li’/Li* ratio with intensity for mixtures of separated isotopes, 
interferometer measurements. 


approximately constant with intensity over most of their range, while the uncor- 
It is interesting to note that the intensity ratio when 
extrapolated to zero intensity gives the same value for both the corrected and 
uncorrected ratios for all samples. This behaviour is to be expected from the 


rected ratios decrease. 


preceding discussion of self-absorption. 
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It will be observed that the corrected ratios at high intensity are no longer 
constant. A number of factors may contribute to this effect. At high intensities 
the lines become broader, making the background correction inaccurate, as shown 
in Fig. 8 for the interferometer. The intensity at which the calculated and observed 
backgrounds deviate is not always the same but depends on the current-intensity 
relationship which may differ for different cathodes. 

Another consequence of line broadening with high intensity is the fact that a 
fixed exit slit observes a smaller fraction of the total line for the stronger line while 
the relatively weaker Li® line is hardly affected. This differential effect is not 
observed to the same degree in measurements of the Li? doublet intensity, and as a 
result the self-absorption correction may become less accurate the higher the 
Li’/Li® isotope ratio. 

The low observed ratio at low intensity is also worthy of note. It was expected 
that the observed ratio would be highest at the lowest intensity and then decrease 
due to self-absorption. However, in most cases where observations were made at 
sufficiently low intensity, the observed ratio increases before the self-absorption 
predominates. The notable exception to this is sample 11303, Fig. 13, in which the 
observed ratio is highest at low intensity and decreases with intensity. This 
cathode is a repeat run on the same cathode originally studied as 11302. On the 
repeat run presumably the lithium is already reduced and deposited on the walls 
of the cathode as metallic lithium. Furthermore, the ratio obtained by extra- 
polation is now higher than for the original run. 

The curves of Figs. 11 and 13 were drawn ignoring these points at low intensity 
because of their greater random error and potentially greater systematic error. 
However, these low ratios at low intensity may be real, as shown by the additional 
evidence in Fig. 12. The ratio at low intensity observed at the beginning of the 
run diverges appreciably from the ratio at the same intensity observed after 
several hours of operation of the cathode. The divergence is slightly greater than 
the uncertainties in the measurements. However, any systematic errors would be 
expected to be in the same direction. From the foregoing discussion it appears 
that there may be some discrimination in the source which might take place during 
the reduction of the sulphate, or the excitation of the sample, or it might be caused 
by a differential rate of diffusion. This discriminatory effect may appear in sub- 
sequent observations as a loss of Li®. 

The determinations on normal lithium gave a Li’/Li® ratio of 13-5 + 0-2 average 
for grating and interferometer measurements. The plot of Fig. 12 extrapolated in 
the same manner gives a ratio of 13-4. 

A ratio of 11-7 was found for sample 10584. This sample was prepared by 
diluting normal lithium with the separated Li® isotope to give a calculated ratio of 
11-23 based on a natural Li?/Li® abundance ratio [3] of 12-7. However, if the value 
13-5 is used for the natural abundance ratio, the calculated value becomes 11-85 
in much better agreement. 

The results obtained for the synthetic mixtures of separated isotopes (Table 5, 
Fig. 13) do not show the same trend with intensity as the natural samples and do 
not extrapolate to the expected values. The discrepancies are irregular and may be 
partially due to errors in making up the mixtures with microvolumetric techniques 
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without adequate calibration. The desirability of additional measurements on 
synthetic mixtures accurately prepared is apparent. These are described in Part IT. 


The various trends of ratio vs. intensity shown in Fig. 13 for the mixtures may 
be related to the discrimination effect. The synthetic mixtures behaved differently 
in the source for reasons not understood. 


Discussion 

It is evident from the present results that the spectroscopic assay of lithium 
isotopes determined from the ratio of the line intensities is considerably more 
difficult than in the case of the uranium isotopes. For example, it was shown [1] 
that a uranium sample having a U**/U® ratio of 26-0 gave an intensity ratio of 
25-9, with a mean deviation of +-0-46. The uranium problem was more favourable 
because the isotope shift was larger. the lines considerably sharper and evidently 
without self-absorption, and the photocell efficiency at 4200 A higher by a factor of 
about 200. Nevertheless, the lithium intensity measurements could be made more 
precisely than the uranium measurements, due to the advantages of the interfero- 
meter, the large spectrograph, and the improved electronics. For example, the 
/,’ 1° intensity ratio for sample 11307 in the range 18 : 1 was measured with a 
mean deviation of about +0-2 (Table 6). The Li? doublet intensity ratio (not 
corrected for self-absorption) was determined with even greater precision (Table 2). 
With uranium it was shown that the accuracy was comparable with precision. 
In the case of lithium it is more difficult to measure total line intensities because 
the line width approaches the magnitude of the isotope shift. Nevertheless, it is 
believed that the accuracy is comparable to the precision at moderate intensities 
where the line broadening is not appreciable. Thus the difficulty is not in the in- 
tensity measurements but in the evaluation of the instrumental and light-source 
corrections. 

The unabsorbed Li? doublet intensity ratio was found to be 2-034 + 0-02 for 
the grating measurements and 1-906 + 0-02 for the interferometer. Using 2-00 
and 1-906 for the doublet intensity ratios for the grating and interferometer 
measurements, respectively, the corrected and uncorrected isotope ratios all could 
be extrapolated to the same value, namely 13-5, for normal lithium. If a doublet 
intensity of 2-00 is used to calculate the Li’/Li® ratio for the interferometer 
measurements, the corrected and uncorrected ratios extrapolate to 15-5 and 13-2, 
respectively. The discussion of self-absorption shows that the uncorrected ratios 
extrapolated to zero intensity should give the same isotope ratio as the ratio cor- 
rected for self-absorption. Evidently a doublet ratio of 1-906 is required to fulfil 
this condition for the interferometer. 

One possible error leading to a low doublet ratio is underestimation of the Airy 
formula corrections (Table 4) because of the appreciable width of the lithium lines. 
It will be recalled that. since Li 46707 cannot be obtained as a single line, the 
fringe contour was derived from traces of Cd 26438, which is somewhat sharper. 
However, close comparison of lithium and cadmium traces indicates that the 
mutual background corrections for the Li? doublet at low and moderate intensities 
should not be in error by more than about 0-2 per cent, and the line-width should 
have a negligible effect at the position of the Li® weak component, in agreement 
with Fig. 8. 
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The possibility that 1-906 is the true doublet intensity ratio was considered. 
The explanation by Fermi [20] of the anomalous doublet intensity for the heavier 
alkali metals would be expected to give a negligible effect for lithium. Another 
possibility is a perturbation due to interaction of neighbouring hyperfine structure 
levels. However, this also has been shown to be negligible, from calculations by 
M. HAMERMESH [21]. No explanation for this difference in the doublet intensity 
ratio is apparent. 

Before attempting improvements in the method described above, it was con- 
sidered more appropriate to attempt measurements at very low intensity. The 
results of this investigation are described in Part II. 
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Appendix 
In deriving the self-absorption correction for the hollow cathode, let 2 represent 
distance along the depth of the cathode, with x = 0 at the bottom and « = X 
at the top of the vapour column, which is equal to or less than the depth of the 
cathode. The density of atoms in any length, dz, is some function of z, i.e., 
N = f(x). The change in intensity across the element of length dx at x is: 


dl = —ylf(x) dx + Bf(x) dx (1) 


where J is the intensity, « is the absorption coefficient, and # is the net emission 
coefficient per atom at x. Then 


— wl) = f(x) de. (2) 


In order to integrate (2) it is assumed that # and yw are constants, independent of 
intensity and geometrical distribution of lithium vapour in the cavity. This con- 
dition has been described (11, 12) as a uniformly excited source, where the ratio 
of the number of emitting to absorbing atoms is a constant throughout the cavity, 
although the density of atoms N may vary. Then 


— In — = | f(x) dx, (3) 


x 
(aly) (1 exp |—x ar || (4) 


In the absence of self-absorption, Eq. (1) may be written 


dl, = Af(x) dx, 


x 
l,= 6 [ 
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where J, is the intensity without self-absorption. Substituting /,/f for the dis- 
tribution in (4) 

I = (Blu) (1 — exp 

I = (1/K){1l — exp(—XJ,)], (6) 


where K is the ratio of absorption to emission per atom and is the same constant 
for all lines in a limited wavelength region. Let J, and J, represent the observed 
intensities of the strong and weak members, respectively, of the doublet, and J,,, 
and /,, = 2/,,, the corresponding unabsorbed intensities. Then: 


(1/K) {1 


exp (—K/J,,.)] (7) 


I, = (1/K) — exp 
= (1/K) (1 — exp (3) 


Solving for J,,, and K from (7) and (8), 


= 2-303 (1/K) log [J,/U, — J,)] 
= 2-303 [/,?/(27,, — 1,)] log [(/,/(/, — 1,)]. (9) 


I... was calculated according to (9) for various observed intensities of the strong 
and weak lines from traces of Li’. J), was then plotted against J, and J,, = 2/,,, 
against /,. For any observed intensity of either strong or weak line, the cor- 
responding unabsorbed intensity was read from the appropriate curve. It was 
assumed that these curves were the same for both isotopes. 


Il. MEASUREMENTS ON SMALL SAMPLES AT LOW INTENSITY 


The determination of the Li’/Li® isotope ratio from intensity measurements at 
comparatively high intensity has been described in Part I. A low-intensity 
source has advantages over the high-intensity source in that the self-absorption and 
line broadening are reduced. The principal disadvantage appears to be the in- 
crease in the noise from both the light source and the photomultiplier tube which 
is operated at maximum gain and without cooling. Hence, in order to maintain a 
satisfactory line-to-background ratio at low intensity, radical changes in the light 
source were required. 


Light source 


For small samples, the hollow-cathode design of ScHULER and GoLLNow [9] has been found 
most satisfactory. When this source is used with lithium the sample size cannot be decreased 
below about 20 micrograms and still maintain usable line-to-background ratio and sample 


life. With aluminium cathodes it has been observed that radioactive samples are lost only to 
a negligible extent by diffusion out of the cathode cavity. Most of the loss is due to the fact 
that the sample becomes covered with a layer of sputtered aluminium. Evidently it is essential 
to maintain an appreciable fraction of the cathode surface covered with sample. 

An obvious solution is to dilute the lithium with a carrier material. Potassium chloride was 
chosen as the carrier on the basis of observations with the copper spark [22] and graphite arc 
methods, which showed that excess potassium produces a marked enhancement of the lithium 
spectrum. 
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It was also found advantageous to use a graphite liner as shown in Fig. 15. This electrode 
assembly consisted of a conventional aluminium cathode bored out to accommodate a quarter- 
inch graphite insert. With these modifications a 2-microgram sample of normal lithium was 
sufficient. 


Fig. 15. Hollow cathode with graphite insert 
shown at A with crater ,4, in. diam. by } in. deep. 


The graphite was waterproofed by impregnation with Apiezon-N dissolved in petroleum 
ether. Ten microlitres of a solution containing 1 mg potassium as the chloride were evaporated 
in the electrode. Two micrograms of lithium in solution as the sulphate were then added. In 
order to obtain a uniform distribution of the sample, the volume was adjusted to about 50 
microlitres. After evaporation the sample appeared as a uniform deposit. Strongly acid 
solutions could not be used because of penetration into the graphite. 

The assembled hollow-cathode tube was operated for a short period at 10 to 40 ma inal: 1 
mixture of helium and argon at a few millimetres Hg pressure to outgas the graphite electrode. 
The system was pumped out and a new charge of rare gas admitted to the circulating system. 
The current was gradually increased to 70 ma, at which point the lithium reached an appreciable 
intensity. As the sample was reduced the operating characteristic changed from 70 ma at 
300 volts to 100 ma at 180 volts, and thereafter remained constant at maximum lithium in- 
tensity for about two hours. 


Measurements 


Observations were made as previously described under grating measurements 
(Part I), using the same signal system and scanning 46707 fourth order with the 
unresolved first-order pattern as the internal standard. The optical system was 
also the same except for the addition of a 250-mm focal length cylindrical lens with 
axis horizontal placed before the exit slit. This lens formed a reduced image of the 
grating aperture on the exit slit, resulting in a significant increase in signal. The 
increased amplifier gain and recorder filtering used for the interferometer measure- 
ments were retained. 

Observations were feasible at essentially a single intensity level, since even with 
maximum gain in the signal system, maximum source intensity was required. 
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Attempts to increase the source intensity by increasing the current beyond 70 ma 
& only resulted in rapid loss of intensity. 

The background corrections were established as before (Fig. 2). However, since 

measurements were made at reproducible source conditions, the total background 
intensity, including the total satellite and continuous background, was related to 
the peak intensities and corrections made in one operation.* Thus the intensity 
contribution of a component to its neighbour on the long wavelength side was 
found to be 5-63 per cent and on the short wavelength side 6-25 per cent. 
7 The Li’ doublet intensity ratio was observed to be 2-04 + 0-02, where the 
| uncertainty is the mean deviation of ten successive traces, indicating no self- 
absorption in the light source. The theoretical doublet intensity ratio of 2-00 was 
7 used in the calculations. 

In order to verify the ratio of Li’/Li® calculated from the intensity measure- 
ments directly, a series of known mixtures of the separated isotopes was made. 
¢ Fifty milligram samples of the sulphates of each of the separated isotopes were 


weighed in previously ignited and weighed platinum crucibles, dissolved in water 
and an excess of H,SO, added. The samples were taken to dryness, ignited and 
weighed. There was no change of weight within the limits of the weighing error 


Table 7. Comparison of observed and expected Li*/Li® ratio 


Ratio Li7/Li® 
10¢C 
Sample No. 
i 
138 1292 —13-27 | 132 +4030 
or. 12S 11-93 — 12-25 12-1 + 0-3 
9s 8-98 9-23 | 8-99 +02 
58 5-04 — 5-19 | 4-86 + 0-08 
38 301 — 3-11 2:79 +0-02 
28 1-99 - 2-07 | 189 «= 0-02 
0-5S 0-523 0-561 0-475 + 0-01 
0-38 0-358 0-391 0-320 + 0-004 
11831 E Normal®) | 13-56 + 0-59°) 
11831 F Normal° 13-45 + 0-59 
11850 A 13-88 + 0-22 
11831 G Normal'®) 13-26 + 0-47 
11837 B Normal?) 13-22 + 0-34 
Mean 13-47 + 0-20) 


* The expected ratio is given as a range owing to the uncertainty in 
the isotopic purity of the separated Li‘. 
* The uncertainty is the mean deviation of from 8 to 10 measurements 
i from the mean ratio 
Reagent Li,CO, converted to Li,SO,. 
*) Reagent LiCl converted to Li,SO,. 


‘ 


- ‘’ Mean deviation of the results for the six samples of normal lithium. 


q * The continuous and satellite background corrections in Part I were made separately because they 
be varied differently with changes in overall source intensity. 
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(0-25 per cent), indicating that the lithium was present as sulphate. Spectro- 
chemical analysis showed negligible impurities. The samples were redissolved, 
transferred to 100 ml volumetric flasks, and made to volume. All subsequent 
dilutions were carried out volumetrically and verified by weighing, using a specific 
gravity of 1-000 for these dilute solutions. The mixtures are believed to be accurate 
to 0-5 per cent. The mixtures were made to give the ratios shown in Table 7. 

The expected ratios quoted in this table are given as a range because of the 
uncertainty in the isotopic purity of the separated Li® isotope. Two independent 
mass spectrometric determinations gave values of 4-8 and 2-4 per cent Li’ in the 
Li® isotope, while the optical spectrographic method using the Fabry-Perot inter- 
ferometer showed 3-0 + 0-2 per cent. The Li’ isotope contained a negligible 
(0-14 per cent) amount of Li®. 

All reagents and graphite inserts were examined for lithium impurity, which was 
found to be below lower limits of detection in the d.c. are. 


Results 


The known mixtures of the separated isotopes were measured and the results 
plotted in Fig. 16 and tabulated in Table 7. Fig. 16 shows the expected ratio 


= — 


Li’/Li® RATIO FOUND 


Oo '2345 67 8 2 3 14 


Li?/ Li® RATIO EXPECTED 


Fig. 16. Plot of ratio found vs. ratio expected, low intensity grating measurements. (The ratio 
found was calculated from the intensity measurements and a doublet intensity ratio of 2-00.) 
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plotted against the observed ratio. The slope of the plot is essentially unity, which 
indicates the absence of self-absorption. If the strong Li’ line were self-absorbed 
relative to the weak Li® line, a slope less than 1 would be expected. Several 
samples of laboratory lithium reagents were analyzed and a mean Li’/Li® ratio of 
13-5 + 0-2 was found. The agreement between the expected and measured ratios 
for the mixtures in the range of normal lithium implies little or no correction to the 
natural abundance ratio determined above, due to systematic errors. 


Fig. 17. Trace of Hg'** 15460, fifth order. (The scale indicates the separation of the lines in the 
lithium pattern with the high and low wavelength contributions shown at B and A, respectively.) 
The agreement between the measured and expected isotope ratio in the range 

of norma! lithium has been pointed out. However, for ratios below 2, the agreement 
becomes quite poor as shown in Table 7. This may be caused by errors in the 
background correction on the low wavelength side of the line. This correction is 
complicated by the steep line contour as shown in Fig. 17, which is a trace of 
Hg!**, 15460 in the fifth order.* Since this is near lithium 46707, fourth order, the 
line was expected to have nearly the same contour from instrumental effects as 
the lithium lines. The separation of the lines in the lithium pattern is shown by the 
scale. The contribution of any line in the pattern to its low wavelength neighbour 
is shown at A, to its high wavelength neighbour at B. The intensity at B is 


* Fabry-Perot interferometer patterns show only a single line. Furthermore, the satellite structure 
does not coincide with the Hg'** hyperfine structure, indicating that the former cannot be due to Hg'** 
impurity. 
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critical for high Li’/Li® ratios and fortunately may be evaluated quite accurately 
owing to the flat contour. The intensity at A is not critical for high ratios and can 
be evaluated with sufficient accuracy to obtain the agreement shown in Table 7. 
A more accurate determination of the intensity at A, which becomes more critical 
the lower the isotope ratio, is difficult because of the sloping contour. Furthermore, 
a weak line falling at or near A may have its centre of gravity shifted, depending 
on the relative peak heights. In this event the background correction determined 
from Li’ traces as described above would not be accurate. Therefore, in order to 
obtain better accuracy for the low isotope ratios, standardization with the mixture 
must be relied upon until a more suitable grating is obtained. 

The doublet intensity observed for Li? was 2-04 + 0-02. In a mixture of the 
isotopes, the doublet intensity may be calculated as follows: 


17/17 = — 21,8) 


and 


= (1, — 0-51,7)/1, 


where /,’ and /,’ are the intensities of the strong and weak lines of the Li? doublet, 
respectively, /, is the intensity of the composite line, and /,° and J/,,° are the intensi- 
ties of the strong and weak lines of the Li® doublet respectively. Within experi- 
mental error the composite line (/,,7 + /,°) was found for normal lithium to have 
the intensity expected for a doublet intensity of 2-00 and the Li’/Li® ratio deter- 
mined from /,’ and /,*. The same was true for the mixtures with isotope ratios 
greater than 2. This provided independent confirmation of the validity of the 
measurements. 


Discussion 

In Part I, the Li’/Li® ratio was studied as a function of intensity and revealed 
possible discrimination in the source. A natural abundance ratio of 13-5 + 0-2 
was found, but may be slightly high owing to the apparent discrimination. In the 
low-intensity measurements a natural abundance ratio of 13-5 + 0-2 was found, 
which needs no correction, as shown by the results for known mixtures. In the 
latter case the ratio could not be studied over a range of intensity with the small 
samples used. 

Evidently, either the apparent discrimination found in Part I is not real owing 
to uncertainties in the measurement, or it has negligible effect on the ratio observed 
in the middle of the intensity range. 

Three separate procedures have been described for the determination of Li’/Li® 
abundance ratios from the corresponding intensity ratios. The first of these 
involved large corrections for spurious background from the grating spectrograph 
and for self-absorption in the light source, and at first no great confidence was 
held in the value obtained for normal lithium. The other two methods were 
designed to overcome each of these corrections in turn, and appear to do so 
adequately in view of the agreement obtained by all three methods. It is con- 
cluded that any of these procedures can measure Li’/Li® abundance ratios in the 
range of normal lithium with an error of about 2 per cent in the ratio. From the 
standpoint of convenience the last procedure is probably preferable, since less 
calibration effort is required. 
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The value of 13-5 + 0-2 obtained for the natural abundance is higher than the 
value of 12-29 accepted by BarnBripGE and N1Er [2] by an amount which appears 
to be outside the limits of error. We have been informed by Dr. A. E. CamERoN 
23] that there is an appreciable variation in the natural abundance ratio for 
different samples of reagent lithium compounds, and furthermore there are 
reasons to believe that the accepted value may be somewhat too low. It appears 
that the natural abundance ratio for lithium reagent chemicals may depend upon 
the source as well as the purification procedure. 
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A spectrographic method for the determination of phosphorus in steels 


Le Roy S. Brooks and Forp R. Bryan 


Scientific Laboratory, Engineering Staff, Ford Motor Company, Dearborn, Michigan 
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Summary—A photographic procedure has been developed for the determination of phosphorus 
within the range 0-003 to 0-061 per cent in steels. The 2149-11 A phosphorus line is recorded on 
Ilford Q-2 plates requiring no special processing. The emulsion is calibrated by means of iron 
lines between 2100 A and 2175 A. Precision of the method is sufficient to be useful for routine 
analysis. 
Introduction 

Phosphorus in steel is one of the few determinations which process control labora- 
tories have been unable to accomplish by means of routine spectrographic pro- 
cedures. The literature reveals that some success has been achieved by using 
specialized non-photographic equipment, and that only relatively high concen- 
trations of phosphorus can be detected by conventional photographic methods. 
In 1948, Hanavu and Wo-rFreze [1], and also Bryan and NAuSTOLL [2], used a large 
Littrow quartz spectrograph and Geiger-Miiller counters to determine phosphorus 
between 0-005 and 0-04 per cent in steels. In 1949, BrecKkpot [3] successfully 
analyzed steel for phosphorus in the range of 0-01 to 0-10 per cent by means of an 
instrument incorporating multiplier phototubes. In the same year, HASLER and 
BaRLey [4] reported the use of a 1-5 metre grating spectrograph and photo- 
multiplier tubes for the analysis of steel samples containing 0-006 and 0-103 per cent 
phosphorus. Hans [5], in 1950, used instrumentation combinations involving both 
electron multiplier phototubes and Geiger counter tubes in developing pro- 
cedures for determining phosphorus in steels. SVENTITSKII [6], in 1947, described 
a photographic procedure for determining phosphorus in steel through a range of 
approximately 0-015 to 0-20 per cent. In this work. Agfa gelb rapid plates were 
ultraviolet-sensitized by means of a mineral oil film. In 1951, STEAKLEY [7] 
analyzed steels for phosphorus in the range of 0-10 to 0-20 per cent by means of a 
3-metre grating spectrograph and Eastman Kodak Spectrum Analysis No. | 
emulsion. 

A practical spectrographic method has been developed in this laboratory for 
the determination of phosphorus from 0-003 to 0-061 per cent in steels. The con- 
centration range accommodated makes this method applicable to the majority of 
steels. This procedure provides improved detectability which can be attributed 
largely to the favourable characteristics of the particular ultraviolet-sensitive 
emulsion employed. The procedure can be applied to steels in either rod or chip 
form and can be accomplished on standard commercial equipment. 


Outline of method 


Phosphorus standards in chip form were obtained from the National Bureau of 
Standards. These standards, listed in Table 1, together with chemically analyzed 
steels available in both rod and chip form, were used to establish analytical 
working curves. 
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Standards and samples in rod form are prepared as ,’y in. diameter self- 
electrodes. The electrode tips are ground to a 120° included angle. Steels prepared 


in chip form will pass through a 40-mesh screen but not a 60-mesh screen. Chip 


samples, each weighing 0-1 g., are placed loose in a carbon cup electrode and arced 


; with a }in. diameter counter electrode with tip ground to 120° included angle. 
Table 1. Phosphorus standards in chip form 
4 
0-031 
65c 0-023 
l3g 0-019 
0-008 
= 55e 0-003 
The carbon cup electrodes are | in. long and | in. diameter, with a cup {j in. 
: diameter and ¥, in. deep. A gap spacing of 2 mm is used with both metal and 
: carbon electrode systems. The distance from the gap to the spectrograph entrance 
slit is 50 em. A quartz condenser lens near the electrode gap forms an image of the 
¢ gap on the collimator lens of the spectrograph. As noted by Hanav and Wore {1}, 
: careful alignment of the electrode gap is necessary in order to avoid variations in 
* light absorption due to passage through varying thicknesses of quartz. 
ea An a.c. are source of 2-4 amps at 4000 volts will provide measurable phos- 
; phorus lines after a 45 second exposure. Current control is provided by a variable 
inductance in the primary cireuit. The relatively high vapour pressures of phos- 
S phorus and its oxides apparent ly necessitates rigid control of the thermal character- 


istics within the are gap. The need of extreme care in reproducing source con- 


ditions and electrode temperatures for phosphorus determinations has been 
previously noted by Bryan and NansTot |2). From a study of repeatability of 


-) consecutive phosphorus determinations, it appears necessary to operate this 
ay ys particular are source for a period of approximately twenty minutes before excita- 
PP tion conditions can be satisfactorily repeated. This is believed to be mainly due 


to the electrode holders reaching equilibrium temperature in about that length 
of time. 


A large Littrow quartz spectrograph equipped with a 10 y fixed entrance slit 
allows resolution of the 2149-11 A phosphorus line from the 2148-97 A copper 


line in steels. Fig. | is a transmission recording of these and neighbouring iron 


lines using a 17 projection microphotometer equipped with a 100 w slit. The 


enlarged image of the spectral line is approximately five times the width of the 


microphotometer slit The sample represented in Fig. | contained 0-015 per cent 


phosphorus and 0-10 per cent copper. There is very little choice between phos- 
phorus lines at 2136-20 A and 2149-11 A. The lower wavelength phosphorus line 


has the advantage of being farther from its interfering copper line. On the other 
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hand the higher wavelength phosphorus line has a less intense interfering copper 
line. 

The ultraviolet-sensitive emulsion employed is the Ilford Q-2, which is a 
medium-contrast, medium-speed emulsion especially useful at wavelengths less 
than 2200 A. The plates require no special processing, but the emulsion is some- 
what easily damaged by rubbing contact. Graininess of the emulsion requires that 
an area of no less than 30,000 square microns be microphotometered in order to 
keep photometry errors within + 1-0 per cent. Recommended safelights are either 
the Wratten Series 6-B or Ilford F, No. 904. Developing time has been three 
minutes in Eastman Kodak D-19. Alternates would be Ilford ID-19 or ID-13 
developers. 


2148 978 (10% Cu) 2150.18 A (Fe) 


2149.14 (015 %P) 
10 04 


x 
30 
Sf 
.o 
40 ° 
z= 008 
3 006 
50 
rs) 
« 
a 


- 001 


S-DIFFERENCES 


90 


Fig. 2. Analytical curve for phos- 

Fig. 1. Transmission recording of phorus in steels, using the 2150-18 A 

spectral lines involved in the deter. iron reference line and the 2149-11 A 
mination of phosphorus in steel. phosphorus line. 


Earlier attempts to use Eastman 8.A. No. | and Eastman 103-0 ultraviolet- 
sensitized plates resulted in abandonment of these emulsions because of the diffi- 
culty in reproducing densities from plate to plate. Removal of the fluorescent 
coating prior to development also detracted from the usefulness of these emulsions 
for routine analysis. The most encouraging Eastman emulsion appears to be the 
S.W.R. (Short Wavelength Region), which has proved useful for phosphorus 
determinations providing the plate can be handled with sufficient care to prevent 
abrasion of the powder-like surface. In this particular respect the Ilford Q-2 
appears superior to the S.W.R. emulsion. 

Sensitometric characteristics of the Ilford Q-2 emulsion are determined by 
means of a group of iron lines between 2100 A and 2175 A. From a large number of 
Fe | lines in this region, a small group of lines homogeneous enough for plate 
calibration was selected. These lines together with their S-values [8] are listed in 
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Table 1. The S-values listed are used in the same manner as logarithms of intensi- 
ties, and were determined empirically for the conditions of this method of analysis 
by the procedure described by Dieke [8]. Emulsion calibration curves for Ilford 
Q-2 plates are found to be essentially linear for transmittances between 10 and 


50 per cent. 


Table 2. Iron lines for emulsion calibration 


Wavelength in angstroms S-values 


0-27 
2110-23 0-50 
2150-18 0-94 
2155-24 0-67 
2158-92 1-18 
2159-65 1-33 
2159-89 1-43 
2171-29 1-67 


The relative transmittances of the 2150-18 A iron and the 2149-11 A phosphorus 
lines from each spectrum, when applied to the emulsion calibration curve for the 
corresponding plate, provide S-value differences which can be plotted against 
known phosphorus concentrations. Such an analytical curve is shown in Fig. 2, 
where Bureau of Standards phosphorus values are assigned to a series of chip 
samples. A corresponding analytical curve for rod samples has almost identical 
slope, linearity, and concentration index. 


Precision and accuracy 

Data obtained thus far show precision which is useful for routine phosphorus 
determinations in typical steels. However, comparison with precision obtainable 
with a.c. are procedures applied to equivalent concentrations of other elements 
indicates that improvement in precision should be possible [9]. It is felt that 
improvement in precision depends largely on further stabilization of source con- 
ditions. The discarding of spectra exhibiting unusually high or low reference-line 
values would have materially improved our precision data. Tables 3 and 4 show 
standard deviations calculated from individual determinations. The distinction 
in precision between chip and rod samples is very slight. 


Table 3. Precision data from chip samples 


J 
Number of N.B.S. values | Standard deviation 
determinations per cent phosphorus | in per cent phosphorus 
10 | 0-003 0-0006 
6 0-012 0-002 
6 o-O19 0-002 
6 0-023 0-003 
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Table 4. 


Number of Assigned mean Standard deviation 
determinations per cent phosphorus in per cent phosphorus 


Precision data from rod samples 


2 0-002 0-0006 
7 0-011 0-0015 
7 0-012 0-0015 
13 0-015 0-002 
0-023 0-003 


0-061 0-005 


Since work is still progressing on improvement of precision, no systematic 
determination of accuracy has been made. Approximate accuracy may be judged, 
however, from Fig. 2 in which the National Bureau of Standards iron and steels 
listed in Table | are plotted in relation to the analytical curve from which spectro- 
graphic values are obtained. It is assumed that accuracy can be made to approach 
closely the precision ultimately attained. 

Both precision and accuracy are sufficient to make the method currently useful 
for routine work in this laboratory, and it is hoped that the present status is 
sufficiently promising to encourage other laboratories to investigate and further 
improve the procedure. 
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Direct-reading spectrochemical determination of 
phosphorus in steel and iron ore 


C. Geore CarRusson and Lars DANIELSSON 
(Received May 1954) 


Summary— Direct-reading determination of phosphorus by means of a medium-size quartz 
spectrograph equipped with electron-multiplier tubes has been studied. The exit slits must 
be adjusted with great precision, and a slit arrangement of new design was used. Among the 
light sources studied, a triggered low-tension a.c. spark was found to give high sensitivity and 
good precision. A simple and cheap recording device suitable for the determination of one 
element was tried. 

Phosphorus contents down to 0-005 per cent can be determined in steel as well as in ore. 
Copper below 0-4 per cent does not interfere. The standard deviation is less than +5 per cent, 
except for low contents in iron ore (not above 10 per cent). 


The prospects for the determination of phosphorus in steel by spectrochemical 
methods are not propitious. Two of the six sensitive lines in the spectrum of 
phosphorus, with wavelengths 2535-62 and 2553-31 A, cannot be used for the 
determination of low phosphorus contents due to the interference by iron lines. 
Two other lines, 1774-8 and 1782-7, have so short a wavelength that the radiation 
is absorbed by the air and it would be necessary to employ a vacuum spectrograph. 


The two remaining lines, 2136-20 and 2149-11, are also unpromising on account of 
the short wavelength, but they fall, nevertheless, within the wavelength range of 
normal spectrographs. Each of them, however, has very close to it a strong copper 
line (Table 1), which highly complicates their use in view of the constant occurrence 
of copper as an impurity in steel. Some one of these lines has been used, however, 
in all experiments so far described in the literature. 


Table 1. (According to HARRISON [1]) 


Wavelength of Wavelength of Relative intensity of copper line 
phosphorus line copper line - 
; Are Spark 


2136-20 2135-98 2! 500 
2149-11 2148-97 15 25 


Photographic recording is difficult at this low wavelength, due to the low 
sensitivity of the photographic plate, and it was not until other recording methods 
became available that favourable results were obtained. Three different courses 
have been followed in the attempts to arrive at a practical method which could be 
used even at moderate copper contents in the steel. 

The first method, developed by Hanavu and Wo.re [2] and put into practice 
by Bryan and NausToLt [3, 4], involves the use of a spectrograph having great 
dispersion, in which the phosphorus line can easily be separated from the copper 
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line. Recording is done with a Geiger-Miller tube. In a spectrograph with great 
dispersion the intensity of light is small, and a very sensitive recording device is 
necessary. 

By the second method, worked out by HASLER and Bar.ey [5, 6] and used by 
Hans [7, 8], no attempt is made to separate the phosphorus and copper lines, and 
the exit-slit is so wide that the two lines can quite certainly be recorded together. 
The copper content is determined with another copper line, and the phosphorus 
content is thereafter calculated as difference. The advantage of the method is that 
the same instrument and method of measurement can be employed as for the 
determination of all other elements in steel, while its disadvantage is that the result 
will be uncertain if the copper content is more than three to four times as great as 
the phosphorus. 

The third method, employed by Breckpot [9, 10, 11], is similar in principle to 
the first, but a spectrograph with less dispersion has been chosen in which the 
phosphorus and copper lines can only just be separated. The smaller dispersion 
increases the intensity of light, which enables recording to be done with electron 
multiplier tubes. Thus the advantages of this method are the normal means of 
recording and the freedom from interference by copper, while its drawback is the 
great precision required in the mechanical arrangements for setting the exit-slits. 
A further drawback is that phosphorus cannot be determined simultaneously and 
with the same instrument as other elements in the steel. 

It is the third method that has been adopted in this study. The first method 
was considered too expensive. The second method was rejected, since copper 
contents of 0-1-0-3 per cent, which are not unusual, would give rise to uncertain 
values at phosphorus contents of 0-030—0-040 per cent and below. The third 
method admittedly requires separate apparatus, but as the cost was calculated as 
not more than about 10 per cent of the price of a complete direct-reading spectro- 
graph, this factor was not considered to be of decisive importance. 

Theexperiments have been directed towards the thorough testing of the method 
in respect to precision, sensitivity, and suitability for carrying out routine tests, 
which requires a certain degree of ruggedness in the equipment. With the object of 
keeping the price down, tests were made with a simple recording device. BRecK- 
pot [11] states that the method involves no interference from a copper content of 
0-1 per cent, but he gives no analytical result proving this statement. It was 
considered necessary to investigate this question more closely. 


The spectrograph and its adjustment 


The experiments were carried out with a Hilger Medium quartz spectrograph, 
which has a reciprocal dispersion of about 5 A/mm at 2150 A. Two different means 
of mounting exit-slits and photocells were adapted. In the first of the two devices, 
which was of a provisional character, slits manufactured by ARL were attached to 
a frame which could be moved backwards and forwards in the focal plane by means 
of an eccentric. Setting was possible to within a couple of microns. Photocells and 
mirrors were rigidly mounted on a shelf. This arrangement functioned adequately 
for testing the method of analysis. Favourable results were obtained, though it 
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was obvious at the same time that high demands must be placed on the mechanical 
arrangements for setting of the slits. The provisional apparatus was unable to 
fulfil those requirements, and a new and more robust photocell attachment was 
therefore built to provide a simple means of obtaining accurate setting. A detailed 
description of this apparatus has recently been published in this journal [12]. 

To avoid unnecessary light losses at the phosphorus line, the photocell for this 
line was placed in such a way that the light fell directly on the photocell without 
using a mirror. 


Location of the light-source 
Since the greatest possible intensity of light is desirable to assist recording, it is 
important to position the source of light correctly in front of the slit of the spectro- 
graph. After trying the type of lens recommended by the manufacturers of the 
spectrograph, and also another lens of shorter focal length, it was found that the 
light received only diminished very slightly if the lens was removed; and thereafter 
no lens was used. The distance from light-source to slit was 85 mm. 


Line definition and line-width 
The distance in the focal plane between the phosphorus line 2149-11 and the adjacent copper 
line is 0-03 mm. At the second phosphorus line the corresponding distance is 0-04 mm. If the 
width of the lines in the focal plane exceeds these distances, the lines overlap and separation 
is impossible. It is therefore essential to keep the line-width down, which can be achieved by 
optimal focusing and a narrow entrance-slit. It is conceivable, too, that masking of part of the 
prism in which there are defects may give improved line definition. It is desirable, however, 


as has been stated above, that as much light as possible shall fall on the photocell. This is 


assisted by a broad entrance-slit and a wide aperture. Since the balance between these con- 


flicting claims is of extreme importance, fairly extensive studies have been carried out. 
Attempts to establish line definition and line-width by photo-electric recording produced 


unsatisfactory results, and arrangements were therefore made to attach small portions of photo- 
graphic plate in the focal plane. Ilford thin-film half-tone plate proved to be a fine-grain plate 
with adequate sensitivity at 2150 A. A high-voltage spark (9 kV, 0-012 ~F, 0-1 mH) between 
copper electrodes was found to be an unsuitable source of light, since it produced wide and 


diffuse lines, but narrow Cu-lines suitable for judging the line definition were obtained with 


electrodes of steel containing about 0-5 per cent Cu. Later a steel was produced containing 


about 2 per cent P and 0-4 per cent Cu, which proved very suitable for purposes of focusing. 
With the above-mentioned source-conditions the Cu- and P-lines were about equally strong, 


and the best setting for separating them could be easily established. 
After the best focus had been set by adjusting the entrance-slit, masking tests were carried 


out with diaphragms of different shapes and sizes placed immediately in front of the collimator 
lens of the spectrograph. No improvement of the line definition, however, was obtained in 


this way. 
A 7- entrance-slit (measured microscopically) was used for the focusing tests. After the 


best focus had been set, trials were made with a wider entrance-slit, which increased the light 


intensity. At 12 « the line definition was very nearly as good as at 7 4, but appreciably inferior 


at 17 w. The 12-, slit-width was chosen in the continuation of the work. 
The length of slit was 2mm throughout. With a longer slit the possibility of separating the 
P- and Cu-lines was impaired, partly due to the curvature of the lines and partly to the increasing 


influence of non-parallelism between prism and slit. 
Statements are found in the literature to the effect that the position of the lines changes on 
lateral movement of the source of light, and this would prevent the use of very narrow exit- 


slits. It is not clear how this would take place, but for safety’s sake two spectrograms were 


compared, of which one had been taken with the light-source centralized and the other with it 
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Fig. 1. (a) Spectrum of steel with about 2 per cent P and 0-4 per cent Cu, taken at right angles 
to the beam on a piece of film attached to the slit. A superimposed image of the slit shows 
imperfect parallelism. 

(b) The same spectrum recorded on a fine-grained plate in the focal plane. The P- and Cu-lines 
are distinctly separated. 


Original magnification » 25, reduced approx. to 2/3rds in reproduction. 
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displaced to the left during one-half of the time of exposure and to the right during the other 
half. If the position of the lines had been affected, the latter spectrogram would show inferior 
definition, but this was not the case. 

When the exit-slits were in position, the focusing and other adjustments were checked by 


means of photographic film which was attached to the edges of the slits. This is described 


in [12]. Such a film is shown in Fig. 1. 


Light-source unit 
The electrical discharges tested as light sources were generated from the low-tension part of 
the “Emitator” [13]. The high-tension spark for focusing was taken from the high-tension 
part, but an adequate spark is also obtainable from the low-tension part. No timing unit was 
used, since interruption of the exposures was not done after a specified time, but after the 
deflection of the reference line had attained the predetermined value, e.g., 100. 


The light entering through the exit-slits was recorded by means of photocells of type 1P28 
(RCA). A selected cell with high sensitivity was used for the phosphorus line. The photocells 
were connected to Applied Research Laboratories equipment for direct-reading spectral analysis. 


P 2149 11 EOCE OF SLIT 


POSITION OF SLIT 
$4321 


Cu 2148-97 


FOCAL PLANE 


EOCGE OF SLIT 


Fig. 2. Schematic sketch of slit and light-rays. The slit, the plane of which is at right angles to the 
light-rays, is movable in the focal plane. Five different positions of the slit have been marked. 
(Original scale 500 : 1, reduced in reproduction to 250 : 1.) 


The current from the photocells is here used to charge capacitors during an appropriate exposure 
time (20-30 sec), after which the potential on the capacitors is measured with a bridge containing 
two electrometer tubes with very high impedance. The result is obtained automatically on a 
““Speedomax”’ recorder (Leeds and Northrup). A simpler recording device was also te sted (p. 429). 


Setting the slits 
The slits are set roughly in the correct position by the aid of photographs. The electric recorder 
is then started and the slits are moved backwards and forwards along the spectrum of a copper- 
bearing steel, during which time observations are made of the deflection on the measuring 


instrument. The strong copper lines lying beside the phosphorus lines are easily found. 
In the case of the phosphorus line it is of utmost importance that the slit is correctly 


positioned, and various methods have been tried of establishing this position and finding it 
again by simple means. A schematic sketch of the phosphorus and copper lines and the slit 
is shown in Fig. 2. The slit can be moved along the focal plane, and five different positions have 
been marked in the figure. The best position for the slit, according to this figure, is somewhere 
between positions 3 and 4. It is by no means certain, however, that the lines are completely 
separated as in the figure. Nor are they sharply delimited, but the intensity over the cross- 
section of the line decreases more or less slowly from a maximum in the centre of the line towards 
its edge. The ‘profile’ of the line can be established by moving a very narrow slit across the 
line and plotting a curve of the intensity as function of the movement. With a slit-width of 
20 « the real profile is not established, but a curve is obtained which gives guidance as to the 
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adjustment of the slit. Curves of this kind have been plotted for an iron sample containing a 
large quantity of phosphorus, and a steel sample containing copper (Figs. 3 and 4). 

For line 2149-11 there is an appreciable overlapping of the phosphorus and copper curves, 
and it seems to be necessary to set to one side of the maximum of the phosphorus line if the 
copper line is to be completely masked. But in reality the conditions should be more favourable 
than is shown in these curves, as they have been plotted for high copper and phosphorus contents 
and with a high-voltage spark as light-source, which produces wider lines than the source used 
in analysis. The latter source is inappropriate for focusing work, since the development of the 
heat prevents the spark from burning for long enough. 


P2149") 
P 2136 20 Cu 2135-98 
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4% Cu 


PURE Fe 


DEFLECTION 
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P LINE 
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$00 20 40 60 80 Tere) mm 2260 8O 2300 20 40 60 80 2400 mm 
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Figs. 3 and 4. “Profile curves” showing the change in deflection on displacement of the slit along 
the focal plane. Width of the exit-slit, 20 un. The P-curve was obtained with a pig-iron containing 
0-87 per cent P, and the Cu-curve with a steel containing 1-4 per cent Cu. The sensitivity of the 
recording instrument was much greater in the case of the P-line than of the Cu-line. which explains 
the strong background in the former case. Light-source: high-voltage spark. Each mm on the 
setting screw plotted horizontally corresponds to a lateral movement of the slit of 2 microns. 


| 

MAX OF —- MAX OF Cu LINE 


| SLIT POSITION USED 
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The following procedure is adopted for accurate determination of the best position of the 
phosphorus slit. The maximum of the phosphorus line is set by the aid of the above-mentioned 
eurve. A calibration is then made with two samples with insignificant copper content, one 
with low and the other with high phosphorus content. The conditions are followed that were 
established for the analysis. An analysis curve showing the relation between deflection and 
content is plotted in the form of a straight line through the two points. With the ARL equip- 
ment no curve need to be drawn, but an adjustment is made instead of the sensitivity and zero 
point in such a way that the phosphorus contents are directly read off the scale. An analysis 
is now made of a sample with known phosphorus content and with the maximum copper content, 
e.g., 0-4 per cent, which it is required shall not interfere. If the resulting figure is too high, the 
slit must be moved away a few « from the copper line, and the whole process repeated. This 
should be repeated until the copper content no longer interferes. If a correct result is obtained 
with the copper-bearing sample at the first trial, the slit should be moved in each direction to 
see whether there is any position which gives better sensitivity for phosphorus without copper 
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interfering. When the best position for the phosphorus slit has been found, an accurate reading 
is taken on the setting screw of the distance between this position and the centre of the copper 
line. The most certain method of determining the centre of the copper line is first to set the slit 
somewhere on the steep slope of the copper curve in Fig. 3, e.g., at about half the maximum 
deflection. The slit is then moved to the other side of the copper line and the position is sought 
which produces the same deflection as the first position. Midway between these positions lies 
the centre of the copper line. For routine checking of the setting, the centre of the copper line 
is first sought as described above, after which the slit is moved the predetermined distance to 
the phosphorus line. It is not necessary that the phosphorus slit should always be placed 
exactly in the position found by testing. There is a small region within which the slit can be 
situated without interference by copper and without too little of the phosphorus line being 
included. The analysis curve is different for every position, and frequent calibration must be 
carried out (several times a day). 

For setting of the slits it is advisable to use a steel containing 0-5-1-0 per cent copper and 
a source of light which does not appreciably heat the sample, so that the spark can burn the 
whole time. It will be found adequate to use a high-voltage spark (p. 420) or a triggered a.c. 
spark with 10-uF capacitance, 0-05-mH inductance, 4-ohm resistance, and 70-ohm primary 
resistance. For every position of the slit it is necessary to integrate for five or ten seconds, 
unless an instantaneous measuring circuit is available which, in conjunction with a suitable 
capacitor, smooths out the irregularities in the generation of light. 

The setting of the iron slit is not so critical, since this slit can be wider, e.g., 60 4. When the 
correct line has been found, the slit is moved forwards and backwards and finally placed in 
the centre of the region within which the maximum deflection is obtained. 


Choice of reference line 


When recording with photocells it is generally possible to use a reference line which 
deviates quite considerably from the analysis line both in wavelength and intensity. 
In the present case, however, there are reasons for finding a reference line which is 
in fair accord with the analysis line in these respects. First as regards the wave- 
length, it must be remembered that the light absorption in quartz rapidly increases 
at low wavelength and is considerable at 2150 A. If the reference line has a higher 
wavelength, e.g., about 2400 A, the absorption for this line is insignificant in 
comparison with the absorption for the phosphorus line. It is of course unavoidable 
that the lateral position of the light-source differs slightly from one occasion to 
another, which results in the light taking different paths through the optical 
system, sometimes through a thick part of the prism and sometimes through a 
thin. The absorption of the phosphorus line takes place in varying degrees, while 
the reference line is not appreciably affected. The ratio of intensity of the lines 
will, thus, be affected by the lateral position of the light-sources, which leads to 
erroneous results. This source of error is diminished if the reference line has 
approximately the same wavelength as the analysis line. It may also be diminished 
by measures aimed at maintaining the position of the light-source unchanged (p.420). 

The intensity of the reference line should not deviate too much from that of the 
analysis line on account of the influence of the background. At low phosphorus 
contents over half of the recorded light derives from the background, and in order 
that variations in the background may not influence the phosphorus line alone, 
part of the light for the reference line as well should be background. For this it is 
essential that the reference line should not be too strong. The line Fe 2253-1 was 
tested and gave satisfactory results. 
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The reason for the strong background is unknown. It can hardly be a question 
of band spectra from molecules since tests showed that the conditions were roughly 
the same when light was generated in air, nitrogen and argon atmosphere. 
Grating spectrographs as well exhibit a background of the same order [6]. 


Form of sample 

In the analysis of metallic samples the general practice is to use either pin samples 
or a plane surface and graphite counter-electrode. Both methods were tried out. 
The pins were 5-5 mm in diameter and varied between 20 mm and 50 mm in length, 
the end being ground to a taper of angle 150°. They were secured in a fixture with 
the electrode distance set by means of a limit gauge. The fixture was then attached 
to the electrode stand and the correct vertical and horizontal position adjusted by 
optical image. The magnification was 10 and the setting could be done to 
within 0-1 mm. The same pin samples and fixture were used in the experiments 
with a plane surface, but the pin was ground plane at the end and a graphite rod 
was used as counter-electrode with its end tapered to an angle of 120°. 


Experimental results 


The slits were first set to the phosphorus line 2149-11 and iron line 2253-1, the 
majority of experiments being carried out with this pair of lines. The sensitivity 
of the photocells was so adjusted in the various experiments as to provide a 
reasonable reflection of the recording instrument in 20 to 30 secs. Regulation of the 
sensitivity in ARL’s system was arranged by altering the voltage on the first four 
dynodes up to 112 V per stage while maintaining the voltage on the remaining 


dynodes unchanged at 105 V per stage. No appreciable dark current was obtained. 


Different sources of light 

Several forms of light-source were tried, but sufficient sensitivity was obtained 
only with continuous and interrupted d.c. ares and a strongly heat-generating 
triggered a.c. spark. The continuous are gave irregular results and was soon 
abandoned. The interrupted arc provided rather low sensitivity which necessitated 
an extension of the exposure time to about | min. The reproducibility was fairly 
satisfactory, viz. +8 per cent for a content of 0-032 per cent phosphorus. 

Considerably better results were obtained with triggered a.c. spark under the 
following conditions: 


a.c. voltage 220 V 
Primary resistance 20 ohms 
Discharge circuit capacitance C 200 uF 
Discharge circuit inductance L 0-05 mH 
Discharge circuit resistance R 4 ohms 
Discharge circuit current measured with high-frequency 
ammeter (two-pin samples) 8A 
Ditto (plane surface, graphite counter-electrode) TOA 


To obtain the correct value on the high-frequency ammeter, adjustment should 
be done on the primary resistance. 
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This spark is characterized by one hundred aperiodic discharges per second. 
Each discharge lasts nearly a quarter of a cycle, i.e., 0-005 sec. Powerful heat 
development takes place and there is abundant gasification of the electrode 
material, which promotes high sensitivity. Fused slag drops are formed fairly 
quickly, however, and the spark then begins to burn irregularly. It is not advisable 
to employ a longer time of exposure than thirty seconds. No prespark is required. 
High intensity of light is obtained, so that a reasonable deflection is noted in twenty 
to thirty seconds. A reproducibility test with eight parallel samples produced a 
standard deviation of +5 per cent with 0-032 per cent P (two pins). Thus, in this 
respect, too, the a.c. spark is superior to the interrupted arc. Since the a.c. spark 
used under the above-mentioned conditions appeared to fulfil all reasonable 
demands, no further trials were carried out. 


Placing and dimensions of electrodes 


As was mentioned earlier, a lateral displacement of the source of light is attended 
by a change in the distance that the light travels through the quartz prism and 
thereby of the absorption in the quartz prism, which can lead to erroneous results. 
Since the triggered spark flutters quite a lot, a study was made of the influence this 
might have on the analysis results. It proved that even small lateral displacements 
caused the results to deviate. Vertical displacements on the other hand, which 
cause no alteration in the distance through the prism, were without effect. An 
improvement in precision was gained by mounting the electrodes horizontally so 
that the fluttering took place vertically. 

The influence of dimensions was examined by turning two pins from 5-5 down to 
4mm. The result was 0-055 instead of 0-035 per cent P. The length of the pins 
does not have so great an effect and may vary between, for example, 30 and 70 mm 
without disadvantage. Higher values were obtained with very short pins as also 
with narrow pins. This is undoubtedly due to the greater heat. 


Pin samples or plane surface with counter-electrode 


When the pins were replaced by a plane surface with graphite counter-electrode the 
reading on the high-frequency ammeter fell from 8 to 7-5 A. The light intensity 
was reduced and the sensitivity of the photocells was increased one step in order to 
keep the exposure time the same as before. No other change was made. 

The comparison between the two electrode systems was made with the steel 
samples listed in Table 2. Calibration was performed with samples | and 2, both 
of low carbon content. It will be seen from the table that the carbon content of the 
sample had a considerable influence on the analysis result when two pins were used, 
while the influence was greatly less with a plane surface and graphite counter- 
electrode. With pin samples, different calibration curves would be needed for 
different carbon contents, but with a plane surface the same curve can be used 
independently of the carbon content. Calibrating samples should then be chosen 
with medium carbon content, and at very low and high carbon contents a small 
correction of the reading should perhaps be made. 

The influence on the result exercised by the carbon content has been earlier 
demonstrated by, among others, Bryan and NaustTo.it [4]. They worked with pin 
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samples and found it necessary to use different calibration curves for low and high 


carbon contents. 
The deviations at high carbon content obtained with pin samples were greater 
than expected considering the experience from preliminary experiments. In these 


Table 2. Comparison between different electrode systems 


P, 


Chemical composition 
Sample Pin samples Plane surface and 
No. Chemical graphite rod 


value 


Mn Cu 


0-42 
0-45 
0-10 
0-11 
0-47 
0-41 
0-31 
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experiments, however, the exit-slit for the iron line had been wider, and the 
experiment was therefore repeated with a width of iron slit increased from 20 to 
60 u. The phosphorus slit was maintained unchanged at 20 uw. The deviations 
were now rather less, as is seen from Table 3. This circumstance may be taken as 


Table 3. Comparison between different electrode systems. 
Wide slit for iron line 


Plane surface and 
graphite rod 


Mean 


34 
18 
48 
34 


supporting the conception that the cause of the high values is the increased back- 
ground with higher carbon content. With narrow slits the main influence of the 
background is on the phosphorus line, which is weaker than the iron line, and 
increased background then gives higher phosphorus results. With a greater width 
of the iron slit the part of the totally recorded light represented by the background 
is noticeable for this line as well, so that a certain compensation takes place. Full 
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compensation would perhaps be attainable with a still wider iron slit or with a 
weaker iron line, but only for a given phosphorus content. This is because the 
background portion of the total recorded light is dependent on the phosphorus 
content in the case of the phosphorus line, but is constant in the case of the iron 
line. 

Since the influence of carbon content in the sample is insignificant when 
employing a plane surface and graphite counter-electrode, the later system is very 
much to be preferred. This form of electrode also has the advantage that a plane 
surface is easier to produce from specimens of varying shapes. The light intensity 
is admittedly lower than when using two pins, but a phosphorus content as low 
as 0-010 per cent can be determined without difficulty. The analysis zone can 
undoubtedly be extended down to at least 0-005 per cent P. 

It remains to see whether the precision is sufficiently good with the plane 
surface. A reproducibility test was carried out with twenty-one analyses of sample 
3 in immediate sequence, thus without recalibration. The setting was such that 
0-36 per cent Cu did not interfere at all (P line, 2149-11). The standard deviation 
was +3-4 per cent, i.e., better than had been attained previously. 


Comparison between lines P 2149-11 and 2136-20 


In all experiments described hitherto, line 2149-11 has been used. Since, as was 
mentioned in the introduction, the only way of deciding which is best of the two 
lines 2149-11 and 2136-20 is by experiment, comparative tests were carried out. 
These comprised reproducibility tests and the analysis of fourteen samples with 
varying P, Cu, and Cr contents. 

When. setting to line 2136-20, both an advantage and a disadvantage were 
immediately observed compared with line 2149-11. The advantage is the greater 
distance between the copper and phosphorus lines which makes it easier to separate 
the copper line and enables the slit to be set on the maximum of the phosphorus 
line and not on the downward slope of the curve (Fig. 4). In addition, the entrance- 
slit could be increased from 12 to 174. The disadvantage is the lower intensity of 
line 2136-20, and in spite of the favourable setting it was necessary to utilize the 
amplification of the photocell to the utmost in order to be able to determine 
phosphorus contents below 0-010 per cent. 

A reproducibility test comprising twenty runs, and carried out in the same way 
as before, gave the standard deviation + 4-7 per cent as against +3-4 per cent in 
the case of line 2149. This result may be considered satisfactory. 

No difference between the lines was found in respect of the influence of the 
composition of the sample. The analyses described below, and reproduced in 
Fig. 5, of samples of varying composition were performed for both lines. Fig. 5 
represents line 2136, but the same distribution of the points was obtained with 
line 2149. 

The comparison between the two lines has shown that both are usable. It is 
more difficult to separate copper in the case of line 2149, and if higher copper 
contents are likely to occur it is necessary to set the slit on the steep slope of the 
profile curve in Fig. 3, the result being that even small displacements of the slit have 
a great influence. Frequent checks of the setting must be made. Therefore, when 
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high copper contents have to be separated, it would seem to be better to use line 
2136. On the other hand, if the samples only have low (or constant) copper content, 
line 2149 with its greater intensity would appear to be preferable. 


Comparison with chemical analysis 
In carrying out the comparison with chemical analysis, a new recording device 
(p. 429) was employed, experience being gained at the same time as regards its 
practical use. A special comparison had been previously made between the new 
recording device and that employed earlier without any significant difference in 
precision of recording being demonstrable. 

The results obtained from fourteen samples of varying composition are shown 
in Fig. 5. The chemically determined phosphorus content has been set off on the 
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Fig. 5. Results from fourteen samples of varying composition. 
Each point represents the mean of two determinations. 


horizontal axis and the reading of the instrument for spectrochemical analysis on 
the vertical axis. Every point represents the mean of two readings. It is apparent 
that all samples of carbon steel, both rolled material and pins sucked into glass 
tubes, fall near the straight line drawn as closely as possible between all points. 
The chromium-bearing samples fall above the line, and it is clear that a separate 
analysis curve is necessary for the analysis of chrome steel. Whether the curve 
should merely run parallel or even present a different slope cannot be decided on the 
basis of the so-closely adjacent points. The cause of the deviation cannot be 
interference by a chromium line, for the same result was obtained with the other 
phosphorus line. Out of two samples of pig-iron, one, with grey structure, fell on 
the curve, while the other, with white structure, fell far outside. The result shows 
that it should be possible to analyze pig-iron by the same method as steel. Tests 
with greater numbers of samples are required. 

Fig. 6 shows the analysis results from fourteen carbon steels in the form of pins 
sucked into glass tubes. The calibration curve was drawn on the basis of five 
samples of rolled steel. The mean of two determinations was taken. There was 
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close agreement between the great majority of samples. Two large deviations were 
probably due to greater-than-normal errors both in the chemical and spectro- 
chemical analysis operating in opposite directions. 


Tests with simpler recording devices 
The majority of the tests described were performed with ARL’s recording equipment. 
Since this equipment is too expensive and unnecessarily complicated for the 
determination of a single substance, tests were made with two simpler types of 
apparatus. 

The first type was on the principle described by RupBeRG and ByLunp [14], 
but satisfactory results were not achieved due to the too great fluctuations in the 
source of light. This method of recording appears to be suitable only with a 
comparatively stable source, e.g., a high-voltage spark. There was no possibility 
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Fig. 6. Analysis of fourteen carbon steels. 


of changing the source of light, since the triggered spark, which generates a great 
quantity of heat and burns rather irregularly due to slag-drops forming on the 
electrode surface, is necessary for the attainment of sufficient sensitivity. 

With a strongly fluctuating source of light, the current from the photocell 
must be made to charge a capacitor during the entire exposure time and the voltage 
of the capacitor be measured afterwards. A simple instrument operating on this 
principle, has been used by NaisH and RamMspeEN [15]. It appeared suited to the 
purpose in view, and was tried out with very good results. The instrument was 
built on the lines adopted by Naish and RaMSDEN with the exception that an 
expensive precision potentiometer P, was replaced by a simpler “Helipot” potentio- 
meter and the switch S, shown in Fig. 7 was added. Measurement is done as 
follows. The current from the photocells enters at two poles of the 4-pole three-way 
switch S,. In the position drawn, which corresponds to the zero of the instrument, 
the current proceeds from the photocells to earth. The capacitors C, and C, are 
earthed through the other two poles of S,. For the recording of light, S, is moved 
one step, whereupon the capacitors charge up. In the third position the photocells 
are again earthed, while the capacitors are charged with the voltage to be measured. 
This voltage is connected by the three-way switch S, to the signal grid of a double 
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Before measurement, with 
the grid earthed, the potentiometer P, is so set that the voltage is the same on the 
two anodes of the electrometer tube and thus no current flows to the galvanometer 
G. When a capacitor is connected to the grid, the bridge circuit becomes unbalanced 
and the galvanometer operates. Now the potentiometer P, is connected via the 
switch S, to the other side of the capacitor and the voltage is adjusted until the 
grid voltage returns to zero, i.e., there is no longer a deflection in the galvanometer. 
A reading is taken on potentiometer P,, which is graduated from 0 to 1000 (10 
turns, 100 divisions per turn). This reading is directly proportional to the voltage 
on the capacitor. No calibration of the instrument is necessary which would enable 


electrometer tetrode forming part of a bridge circuit. 


Fig. 7. Circuit diagram of and RaMSDEN recording device [15]. 


the measured potential to be expressed in volts. It is merely the ratio of the 
potentials between the two capacitors which is of interest, and this is obtained by 
taking readings for each capacitor in the manner described above and dividing the 
results. The simplest way is always to charge the capacitor of the reference line, 
e.g., to 500 on the scale of the potentiometer. This is done by setting the potentio- 
meter to 500 and operating the switch S, immediately after the commencement of 
recording. If the capacitor of the reference line is at that moment connected to the 
grid of the electrometer tube, a large deflection takes place in the galvanometer, 
which decreases as the capacitor becomes charged. The recording is interrupted 
at the instant the galvanometer reaches zero. To limit the galvanometer deflection 
there is a series resistor, which can be disconnected by switch S,; when the zero 
point has been nearly reached and a higher sensitivity is required. 

Switch S, can be used to connect up a resistor and a small parallel-coupled 
capacitor in place of capacitors C, and C,. This coupling provides instantaneous 
values of the current from the photocells, the small capacitor to some extent 
smoothing out the fluctuations in the light-source. This circuit is used for setting 
the slits on the lines. 
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The measuring apparatus is rather sensitive to electrical disturbances, and 
vareful screening of all components is necessary. It is also advisable to try to bring 
down the electromagnetic radiation in the room by as far as possible screening the 
light-source and shortening any leads which may act as aerials. 


Analysis of iron ore 


In the tests for determination of phosphorus in iron ore the method was used which 
had been tried out earlier for the analysis of slag and ore[{16]. The finely pulverized 
sample was mixed with powdered graphite and compressed into a briquette, which 
was then analyzed with a graphite counter-electrode in the same way as a 
steel sample. In some cases the sample had to be fused with a fusing agent, the 
cooled melt then being pulverized, mixed with graphite, and compressed into 
briquettes. Both these procedures have been tried out in the determination of 
phosphorus. Various systems of light-source have also been tried, while the same 
lines and same recording device were used as in the analysisof steel. The majority of 
the ore samples used in the tests were provided by the Loussavaara-Kiirunavaara 
AB. The phosphorus content varied from 0-005 to 5 per cent. It did not prove 
possible to cover the whole of this range by a single process. The samples were 
divided into the following three test-groups: 


(A) below 0-1 per cent P 
(B) 0-1-1 per cent P 


(C) above 1 per cent P 


(A) (contents below 0-1 per cent). At these low contents fusing cannot be 
employed, since the sample becomes so diluted that insufficient sensitivity is 
obtained in the spectrochemical analysis. Without fusion, contents down to 0-005 
per cent can be determined without difficulty. A spark developing great heat is 
necessary, and the same conditions have proved suitable as in the analysis of steel. 
The best exposure time was about twenty seconds. 

In analysis of a sample containing 0-021 per cent P twenty-one times in 
succession, a standard deviation was obtained of +0-0018 per cent P, ie., +9 
per cent. 

The drawback in working without fusion of the sample is, according to earlier 
experience [17], that its mineralogical structure affects the result of analysis. To 
obtain some conception of this factor in phosphorus determination, analysis was 
done on a sample of hematite ore (Swedish Ironmasters’ Association standard 
sample No. 10), using the analysis curve drawn up by means of the magnetite ores 
from Kiruna. The results of three parallel tests were 0-016, 0-0205, and 0-018, 
while the chemical value was 0-020 per cent. Thus no particular influence was 
present in this case. 

(B) (contents 0-1-1 per cent). As for the lowest contents, analysis can be done 
without fusion of the sample; satisfactory results were obtained for contents up to 


2 per cent. Instead of the strongly heat-developing spark necessary for the low 
contents, a light-source was employed which provided greater accuracy. It is a 
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triggered d.c. spark, tested earlier in the analysis of iron ore, with the following 


data 


d.c. 220 V 

Capacitance 30uF 

Inductance (added) 0-05 mH (measured 0-14) 
Resistance (added) 1 ohm (measured 1-5) 
Primary resistance 70 ohms 


This spark may also be operated on a.c. The exposure time was 40 sec. 

From a run of twenty-eight determinations on a sample containing 1-51 per cent 
P the standard deviation + 0-06 per cent P was obtained, i.e., 4-3 per cent, which is 
less than half of the error at low contents. The fusion procedure described under 
(C) may also be employed for the range 0-1-1 per cent. 

(C) (contents above | per cent). Fusion should be undertaken with high 
contents, since the consequent dilution is advantageous. Other benefits gained 
from fusing are full freedom from influence of the mineralogical structure of the 
sample and good homogenization even with a moderately finely pulverized sample. 
Attempts to determine contents of 4 to 5 per cent without fusion produced 


unsatisfactory results. 

The fusion medium consisted of a mixture of four parts lithium carbonate and 
four parts anhydrous boric acid to one part sample. Good fusion was not obtained 
with smaller quantities of fusing medium. Tests with eight parts sodium borate to 
one part sample, which had been used in earlier iron-ore analysis tests [17], produced 


good fusion but poor sensitivity. 

The fusion was performed in a platinum crucible in a furnace heated to 1050- 
1100°C for ten minutes. The sample and fusing agent should be mixed before 
fusing is commenced. The melt is poured on to a plane plate so as to solidify as a 
thin layer which is easily crushed. The crucible is cleaned by melting potassium 
pyrosulphate in it. Tests were made with fusion in a graphite crucible in the manner 
recommended by HasLer [18] for analysis of slag. HASLER states that the melt 
can be left to solidify in the graphite crucible and can easily be released after 
cooling. In the fusion of iron ore, however, it was found that the melt stuck hard 
to the walls of the crucible and that, even with a graphite crucible, it was necessary 
to pour out the melt while it was still fluid. 

The pulverized melt was analyzed in the same way as under (8). A reproduci- 
bility test comprising twenty-eight runs with the same sample as in (B) gave a 
standard deviation of + 3-6 per cent, i.e., rather better than without fusion. 

Attempts to analyze iron ore have thus shown that low contents can only be 
determined by direct analysis without fusion. For contents above 0-1 per cent the 
results with fusion are more certain, especially for the highest contents. The 
reproducibility obtained of +9 per cent at low contents and +4 per cent at high 
would appear to be satisfactory in the majority of cases. 

For the conduct of these investigations special grants have been made by 
Jernkontoret (The Swedish Ironmasters’ Association), which also appointed a 
committee consisting of C. Geora Carusson (Chairman), Dr. 8S. 
Bofors; M. Ferxitunp and Dr. 8. LaNpERGREN, Stockholm. 
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The authors wish particularly to thank Messrs. Bareckstrém and FerNLuND 
for making available the sample material required for the investigations. 
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Vibrational spectra and intermolecular association 


D. L. Guiusker and H. W. THompson 


The Physical Chemistry Laboratory, Oxford 


Summary—The nature of the intermolecular association of furfural and of some nitroso aro- 
matic compounds has been examined by measuring the infrared absorption spectra in different 
states of aggregation and under a variety of physical conditions. In the case of furfural, the 
behaviour of several bands suggests that dipolar aggregation may occur. Variations of intensity 
or the shifts in position of some of these bands have been correlated with the dielectric properties 
of solvents in which they arise. ‘From the spectra of nitrosobenzene, nitroso-mesitylene and 
p-iodo-nitrosobenzene, vibration frequencies have been suggested for the N=O group in the 
monomeric and dimeric forms. 


Complex formation between stable molecules plays an important part in many 
physical and chemical phenomena. It may occur through such mechanisms as 
hydrogen bond formation, dipolar aggregation, acid-base or donor-acceptor 
action, or the production of clathrate structures. Among the optical methods for 
studying the process, ultraviolet absorption has sometimes been used, and in 
some cases it provides a sensitive means of detecting changes in the electronic 
energy levels which arise from the interaction. On the other hand, vibrational 
spectra may be more informative in that they may reveal the particular nuclei 
through which any association operates, since the molecular vibrations which are 
primarily concerned with those nuclei should be most affected. 

This method is indeed the basis of many studies on the hydrogen bond. It 
seemed desirable, however, to examine other cases in which this particular kind 
of association does not occur. Infrared measurements on the complexes formed 
between iodine or iodine cyanide on the one hand and organic solvent molecules 
on the other have been described elsewhere (GLUSKER, THOMPSON, and MULLIKEN 
[1]; Guusker and THompson [2]). Other examples which have been studied 
recently are described below. 

For all the present work, a Perkin Elmer 12C spectrometer was used, with 
prisms of rock salt (660-3300 cm~') and lithium fluoride (2300-3600 em~‘). 
Absorption cells were made from drilled rock salt plates separated by suitable 


washers, and the general technique was standard. Special thermostatic arrange- 
ments were made to use a heated cell for vapours, and also to warm a cell up to 
about 60°C for the liquids and solutions. Other details are given below. 


(a) The association of furfural 


Peculiar changes in certain absorption bands of furfural on passing from the 
liquid to solution in various solvents were observed by Tempve [3]. These have 
now been examined in greater detail. 

Cryoscopic measurements have shown that furfural is considerably associated 
in water or benzene (GeTMAN [4]). The explanation of this through hydro- 
gen bond formation seemed unlikely, since Gorpy and Stanrorp [5] found 
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spectroscopically that furfural forms only weak hydrogen bonds with deuteromethy] 
alcohol, CH,OD, and these may not occur through carbonyl groups. The sug- 
gestion by FREYMANN and FREYMANN [6] from data on higher overtone bands of 
C—H _ vibrations that C—H---—-O bonds occur is questionable, since their 
assignment of bands would imply a large displacement of 300 cm~' in the funda- 
mental thus indicating a strong hydrogen bond which is contrary to all other 
evidence. Furfural has a high dielectric constant, a high dipole moment, and a 
high solvating power towards cations. These facts are all favourable for the 
occurrence of dipolar aggregation and the results now found tend to support such 
a mechanism. 

Commercial furfural was refractionated in darkness under reduced pressure, 
and stored over anhydrous calcium sulphate in darkness. Solvents were purified 
by standard methods. 

Some of the infrared bands of furfural vapour show a contour which cannot 
at present be interpreted in detail. On passing to the liquid, most bands sharpen 
but are not displaced by more than a few cm~'. A few bands show larger shifts, 
and these are best discussed individually. 

With the liquid there is a double band at 1676-1695 cm~!. In the vapour, this 
doublet disappears and becomes a single band at 1721 cm~'. These bands are 
connected with the carbonyl group. The shift to lower frequencies in the liquid 
is much greater than that which occurs with other bands and indicates some form 
of interaction. With the pure liquid the lower frequency component of the doublet, 
at 1676 cm~', is stronger than that at 1695 cm~", the ratio of the optical densities 
at the peaks being about 1-4. 

The position (em~') of these doublet components is not affected if, using 1% 
solutions, the solvent is varied, and although the solvents such as carbon disulphide 
or acetonitrile may differ widely in dielectric constant. However, in these different 
solvents the relative intensities of the components are altered. The ratio of 
optical densities at 1677 cm~! and 1695 cm~! appears to show some regularity with 
the dielectric constants of the solvent, as shown in Fig. la. The linearity of this 
plot of digr6/digg, against log e« may be entirely accidental, but the results suggest 
that a dipolar association through carbonyl groups may be involved, the bands 
at 1676 cm~! and 1695 cm~! being due to the associated and unassociated forms 
respectively. If the association occurred through hydrogen bond formation, we 
might expect an increase in the intensity of the higher frequency component as 
the dielectric constant of the medium is increased, but the converse is found. 
The increase of d,,,, in the case of acetonitrile may be caused, in part, by associa- 
tion of furfural with acetonitrile, which does not form hydrogen bonds readily. 
Acetonitrile is small, has a large dipole, and may itself form dipole aggregates. 
With chloroform or bromoform, which could form hydrogen bonds through their 
C—H groups and the O atom of the carbonyl group, the lower frequency com- 
ponent at 1676 cm~! is more intense than that at 1695 cm~!. Dioxane, on the 
other hand, behaves like carbon disulphide and it must, therefore, be concluded 
that the C—H group in furfural does not form hydrogen bonds in this case. With 
increasing temperature, the component at 1695 cm! increases in intensity, as 
would be expected if the association is decreased. 
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The overtone band of the carbonyl group lies at 3336 cm~' for the liquid, and 
at 3400 cm! for the vapour. In the former case, the band is broad and un- 
symmetrical in contour, and not resolved into two separate peaks except at low 
concentrations in those solvents which show the two components at about equal 
intensity. The behaviour of the ratio of the optical densities of these components 
in different solvents, as judged from the band contour, is entirely parallel to the 
result found with the fundamental band already discussed. Thus in carbon 
disulphide there is a peak at the higher frequency side with a lower frequency 


CHyCN 


HNO, _| 


O68 O8 10 44 +6 
loge 


Fig. 1. (a) Relative intensity of carbonyl group doublet in different solvents. 
(b) Displacement of carbonyl group overtone in different solvents. 


shoulder, but in nitromethane this is reversed. In general, the envelope of the 
band shows a drift towards higher frequencies with decreasing concentration, 
the apparent shift being greatest in carbon disulphide. This shift was measured 
(em~') in a given solvent at different concentrations and extrapolated to zero 
concentration of furfural, the extrapolated value being plotted against log « in 
Fig. 1b. 

The significance of this roughly linear relation is again not understood, but the 
results suggest that polar influences are playing a part. The effect of increasing 
temperature is similar to that found with the fundamental, the higher component 
increasing in intensity. 

Another band in the spectrum of furfural shows peculiar displacements in 
different solvents, which contrast with the behaviour of most other bands in the 
spectral range measured. This band lies at 843 cm~! with the pure liquid, with 
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the vapour it is found at 829 cm~-', and at low concentration in carbon disulphide 
at 828 cm~'. Ina given solvent, the position of this band gradually moves towards 
lower frequency as the dilution is increased. The magnitude of the shift in passing 
from 100% to 0% concentration—obtained by extrapolation—is greatest in the 
solvents of lowest dielectric constants. This shift with dilution is shown in Fig. 2a 
and the limiting values of the shifts are plotted against log ¢ in Fig. 2b. It can 
be seen that the shift of this band in different solvents follows the general trend 
of their dielectric constants regardless of their capacity to form hydrogen bonds. 


CH3NO, 
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(a) Displacement of furfural band at 828ecm-! in different solvents. 


Fig. 2. 
(b) Plots of displacement against log e. 


The interpretation of this band and its displacement in different circumstances 
is again uncertain. If the effect of solvents were connected with the dissociation 
of furfural dimers, we might expect the band to be split into two components, and 
in this spectral region the resolving power should be sufficient to separate them. 
No such components were seen, although the band appeared to have an unsym- 
metrical contour with the lower frequency side becoming stronger as the con- 
centration was decreased. It should be noted that such a shift is in the opposite 
direction to that found for the other bands discussed above. The band is not 
shifted by alteration of temperature. Its whole behaviour seems similar to that 
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of the carbonyl group in acetone when measured first in the liquid and then in 
increasing dilution in hexane or cyclohexane. In the latter case, gradual shifts 
up to about 12cm~' have been observed in both infrared and Raman spectra, 
without signs of splitting. and Heerpt [7]; Wovrr [8].) 

The effect of a dielectric medium upon the vibrational or electronic spectra of 
a polar molecule enclosed within it has been considered by West and Epwarps [9], 
by Baver and Magar [10], and by Baytiss [11]. The following relationship has 
been suggested for shifts in vibrational bands, 

Ay ( (e 1) 


1) 

in which » is the frequency of a band in the vapour and ¢ the dielectric constant 
of the liquid medium. Our results with the band of furfural vapour at 829 em! 
do not fit this relationship satisfactorily, and in any case the shift is in the wrong 
direction. There seems little doubt that some type of association is involved, but 
its exact mechanism cannot be determined since the band cannot be assigned 
convincingly to a particular vibrational mode. In this connexion it is significant 
to note that a similar, though smaller, effect was found by Tempe [3] with a 
band of furfuryl alcohol near 816 cm~', and it is possible that the vibration involves 
the furan ring. The high polarity of this structure may again be giving rise to 
dipolar aggregation, for no corresponding effects have been detected with benzal- 
dehyde, crotonic aldehyde, or chloral. 

Two other bands of furfural lying near 750 em~! and 1020 cm~' show variations 
with the solvent. In both cases, the components of a close group have different 
relative intensities as the solvent is altered. 


(b) The association of nitroso compounds 


Organic nitroso compounds are known often to exist in two forms, one of which 
is blue or green, and the other colourless. With certain substituted nitrosobenzenes 
both forms can co-exist in solution. The colourless form has been shown by 
eryoscopic measurements to be polymeric, and from colorimetric studies of the 
association equilibrium in nitroso-mesitylene INGoLD and Piccorr [12] proved 
that it was a dimer. Chemical evidence suggests the presence of a N—N bond 
in the dimer, and the most probable structure would be I or a resonance hybrid 
formed from Ila, Ilb, and IIc, in which IIb may play the least part. 


R 
R—N—O 


| 
R—N—O 


IIb Ile 


Of these, II is not only the more probable, but is also supported by an X-ray 
analysis of p-bromo-nitrosobenzene by Darwin and Hopekin [13] and by 
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FENIMORE [14]. It seemed that the vibrational spectra of some of these compounds 
might give further information about the structures concerned. 


(i) Nitroso-mesitylene 
Nitro-mesitylene was first prepared by nitrating mesitylene with a mixture of 
fuming nitric acid, glacial acetic acid, and acetic anhydride. The product was 
reduced with zinc dust in an aqueous solution of ammonium chloride, and the 
resulting hydroxylamine derivative was then oxidized with Caro’s acid, or by 
passing air through it in alkaline solution. After recrystallization the sample 


melted at 122—3°C. 
SOLID? —— 
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Fig. 3. 


Spectra of nitroso-mesitylene. 


It was impossible to measure the spectrum of the liquid or of a layer of crystal- 
line solid since the substance decomposes on melting, but in Fig. 3 results are 
shown for a suspension in nujol or perfluorokerosene and for solutions in bromo- 
form at different temperatures. There are very marked differences between the 
spectra of the solid and the solutions. Since it is known (INGOLD and Pieeorrt [12]) 
that the equilibrium between dimer and monomer is shifted with changing tem- 
perature, the alteration of the spectrum at the different temperatures should in 
the first instance be most informative. The significant changes seem to occur in 
the regions 1400-1500 cm~! and near 800cm~-'. As the temperature is raised, 
the band at 1475 cm~! decreases in intensity, and two other bands appear near 
1490 cm~' and 1400 cm~!. We should therefore assign 1475 cm~! to a stretching 
mode controlled by the N=O bond in the dimer, and one of the pair of new bands 
to the same vibration in the monomer. Reasons will be given below for assigning 
the band at 1490 cm~' to the monomer. At 810 cm~', the solid shows a band of 
medium intensity with a shoulder at 776 cm~!. In solution at room temperature 
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this shoulder has strengthened and the band at 810 cm~! is weaker, and at higher 
temperatures a new band appears at 790 cm~!. It is possible that these bands are 
connected with a bending vibration of the N=O bond. It is impossible at present 
to interpret the other spectral changes which occur on passing from the solid to 
the solution. 


(ii) Nitrosobenzene 

Nitrosobenzene was prepared in the usual way (Organic Syntheses, 25, 80), re- 
crystallized from methanol and stored in a refrigerator. The spectra were recorded 
of a thin crystalline film of solid, of a solid suspension in nujol or perfluorokerosene, 
of the liquid, and of solutions in carbon tetrachloride and bromoform. A cell with 
neoprene washer was used up to 70°C. The substance is reported to be completely 
dissociated in solution, and no spectral changes of the solutions were in fact 


% ABSORPTION 


000 800 
Fig. 4. Spectra of nitrosobenzene. 


obtained between room temperature and 70°C. The spectral changes between the 
solid and solution were, however, very marked, and are shown in Fig. 4. In this 
diagram it should be noted that the curves do not relate to exactly equal thick- 
nesses of substance, since this thickness could not be determined for the solid 
and liquid layers. With the solution, the N=O stretching vibration band must 
lie at 1506 cm~', a value close to that (1490 em~') found for nitroso-mesitylene. 
With the solid, two new bands at 1487 cm~! and 1404 cm~! appear, and by analogy 
with nitroso-mesitylene the former should be assigned to the dimeric N=O 
stretching vibration. 


(iii) p-iodo-nitrosobenzene 

This substance was supplied by Dr. D. M. Hopexry. It has been shown to be 
monomeric in the solid state, and in agreement with this the spectrum of a sus- 
pension in nujol gave an intense band near 1500 cm~' attributable to the N==O 
stretching mode. A very strong band near 820 cm~' might also be assigned to a 
bending vibration of this group. 
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Taken as a whole, the complexity of all the spectra of the nitroso compounds 
do not enable us to decide much about the nature of the dimers formed. In all 
three cases it would be satisfactory to assign a value close to 1500 cm~ for the 
monomeric N=O stretching vibration, changing to about 1480 cm~ in the dimer- 
ized form. This shift could be interpreted by dipolar aggregation of the nitroso 
groups of two molecules with each other, but we might not then expect to obtain 
such marked changes in the remainder of the spectrum in the different states. 
The latter are more consistent with the structure of the dimer suggested by X-ray 
work. As regards the assignment of 1500 cm~! to the monomeric N=O group, 
our conclusion agrees with that of Lirrke [15]. He prefers, however, to assign 
the band near 1400 cm! to the dimerized NO group. Certainly the compara- 
tively small shift of frequency from monomer to dimer which our conclusions 
imply is rather surprising, but it may be noted that GouBEAu and Fromme [16] 
suggested from Raman measurements that with #-nitroso-isopropyl-acetone the 
two frequencies are 1611 and 1555cm~'. It is also peculiar that although the 
dimer of nitrosobenzene shows the band at 1404 cm~', it is with the monomeric 
forms of the other substances that this band becomes prominent. The small 
change in the N=O stretching vibration frequency with change of state might 
imply that if the N---—-N bond is formed, its strength must be so low as to 
affect the N=O bonds only slightly. INGoLp and Piccorr [12] found a fairly 
small value for the heat of rupture of the N-——-—N bond, but this estimate may 
not be strictly applicable to the bond in the crystalline state. 

It is proposed to examine by more accurate intensity measurements the 


equilibria between the monomer and dimer in some cases, using a double beam 
spectrometer. This may provide more exact data in the important region 
1300-1600 


We are much indebted to the Hydrocarbon Research Group of the Institute 
of Petroleum for a grant, and to the Rhodes Trustees for a Scholarship to one of 
us (D. L. G.). 
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SPECTROCHEMICAL NOTE 


Simplified line-width procedure for measuring dense spectrum lines 
F. FARRELL 


Mullard Laboratory, Blackburn, Lancs 
(Received June 1954) 


Summary— Dense spectrum lines are read after opening the slit of the microphotometer wider 
than the line image. These readings are proportional to line-widths and hence to concentration 
When the Na doublet at 5890 A has wide lines, the gap between the lines is read. 


One of the difficulties encountered in spectrographic analysis is that dense spectrum lines 
(photographic blackening > 2) cannot be read directly on the normal type of microphoto- 
meter. It is standard practice to overcome this by the use of two or more lines to cover a 
given range of concentration, using a rotating step-sector wheel (or a step wedge) or using 
the method of line-widths [1]. This latter method, critically examined by Geriacu, 
Coneur, and Conevur [2], has the more general application and can be applied directly 
to all lines, but is rather slow and tedious. 

In this laboratory we encountered two particular cases in which the line-width method 
was the only one available, but as it involved the measurement of the width at a particular 
intensity level it was not suitable for fast routine analysis. This simplified technique was 
therefore developed and has proved very satisfactory. It has the advantage of not requiring 
any ancillary equipment; it is quick and utilizes the photometer for its primary function 
of transmission measurement. Various workers have shown that there is a correlation 
between line-width and concentration [1], [2]. To utilize this fact for photometering dense 
lines it is necessary to open the photometer slit wider than the image of the line, to traverse 
the line as normal, and record the galvanometer reading. This reading is dependent on the 
amount of light falling on the photocell, and with a constant slit width will vary inversely 
as the line-width. 

In the first case the problem was to read the Cu-line at 3274 A in the spectrograms of 
permanent magnet alloys [3], the spectra being recorded using a Hilger-Littrow spectro- 
graph, type E.492. All normal readings were taken on a Hilger non-recording micro- 
photometer with the slit open at 0-2mm. To pair the Cu-line with an Fe reference line 
this procedure was adopted. The Fe reference line in each spectrogram was read in the 
normal manner. The slit of the photometer was then opened to 0-8 mm and the minimum 
reading noted as the Cu-line in each spectrogram was traversed. The width of the slit 
was not critical, as chemically analyzed standards were photographed on each plate. 
When the Cu-lines in the standards, read in this manner, were paired with the Fe-lines in 
the usual way they produced a linear working curve for the range 2-6 per cent Cu. 

In the second case the problem was to read one of the Na-lines at 5890 A and 5896 A 
when arcing conditions must be set for optimum sensitivity of the K-lines at 7665 A and 
7699 A in the analysis of tungstic oxide, ferric oxide, and nickel oxide. Here, standards 
were not repeated on each plate, so line measurement was linked with the background. 
The technique used was to read the gap between the Na doublet. This gap varies with 
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line-width and enables measurements to be taken for the excessively wide Na-lines. The 
slit of the photometer was opened to 2-0 mm and set on the background adjacent to the 
Na doublet. The galvanometer sensitivity was then adjusted until the reading was twenty 
divisions (fifty divisions full scale), and the maximum reading was noted as the gap between 
the Na-lines was traversed. This procedure was carried out on each spectrogram. The 
readings were then treated as normal transmission measurements and a working curve 
constructed in the usual way from standard powders for the range 0-0005-0-5 per cent Na,O. 

The author wishes to thank Miss G. SeLuers for her co-operation and the Directors of 
Mullard Blackburn Works, Ltd., for permission to publish this paper. 
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REPORTS OF MEETINGS 


First Ottawa Symposium on Applied Spectroscopy 


Physical Metallurgy Research Laboratories 
Mines Branch, Ottawa, Ontario 


20-21 September 1954 


Abstracts of the papers presented at the meetings are given below: 


1. Current sources and controllers for the d.c. arc: G. H. Ferrertey, Norton Company, Niagara 
Falls, Ontario. 

A 5-15 ampere d.c. are is commonly used as an excitation source in the spectroscopic analysis 
of slags and other refractory materials. An economical way to obtain d.c. from a three-phase 
a.c. source is discussed, also three ways to control the current automatically. An integrated 
system of current source and controller that has been successful in use for several years is 
described. 


2. The Jaco Ebert spectrograph and order sorter: R. F. Jarret, Jarrell-Ash Company, Newton- 
ville, Mass., and J. F. Gurney, Technical Service Laboratories, Toronto, Ontario. 

The description and application of a versatile grating mounting. The mounting makes it 
possible for the spectrograph to operate in any order from the first to extremely high orders. 
An optical arrangement for separating the different orders is also described. 


3. A combined optical comparator and scanner with dual trace cathode-ray display: MR. F. 
Sturrock, Mines Branch, Ottawa, Ontario. 

An instrument for the comparison of spectra has been designed to combine the advantages 
of a simple optical display with those of a corresponding cathode-ray display. Optical comparison 
is made by means of a projection system which focuses an enlarged image of the spectra on a 
ground-glass screen facing the operator. A section of each spectrum is also scanned photo- 
electrically and presented in the form of a trace of relative transmittance versus wavelength on 
the face of a twelve-inch cathode-ray tube adjacent to the ground-glass screen. The scanning 
mechanism, which is of the vibrating mirror type, is so arranged that it is possible to observe the 
projected image on the screen at the same time. In this respect, as well as in the dual nature of 
the scanning, this instrument differs from previous spectrum-scanning units. At the present 
stage of development, it is capable of being used for the improved detection of very faint spectral 
lines in complex spectra and for very close determinations of wavelength. The machine is also 
intended for high-speed quantitative measurements. 


4. Multiple matrix analysis on the direct-reading spectrometer: J. H.Jurmain, Baird Associates, 
Inc., Cambridge, Mass. 

A description of how the direct-reading spectrometer can be used for analysis of 
multiple-matrix material, concentration ranges from impurity levels to high concentrations of 
alloying elements, and the switching arrangement used to maintain proper working voltages for 
elements used both as unknown and internal standards. The flexibility and limitations of direct 
readers are also described. 

5. Spectrographic studies of Nova Scotia coals: J. E. Hawiey and Y. Rimsarre, Queen’s 
University, Kingston, Ontario. 

Spectrographic studies have been completed on over 180 samples of nine major seams of the 
Sydney coalfield after ashing at 400°C. Spectrographic conditions involved the use of a high- 
voltage spark discharge on pellets with rhodium as an external standard. Quantitative analyses 
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were made for fourteen elements, V, Cr, Mn, Co, Ni, Mo, Pb, Zn, Sn, As, Be, Ba, Sr, and B, and 
intensity ratios were determined for thirteen to fourteen others, including the major constituents. 
Samples included blocks of coal of each seam previously classified into petrographic intervals by 
Dr. P. A. HAcQUEBARD, and the results thus allow not only determination of the weighted 
averages of the coal at each sample locality, but the average for each seam sampled at several 
places and the variations from interval to interval both horizontally and vertically. 

The average compositon of all seams studied indicates the coals are relatively enriched in 
manganese, arsenic, and lead, compared with other “rich” coals, are slightly above the average 
in zine but are lower in Be, B, V, Cr, Co, Ni, and Mo. They also have a relatively high content 
of Sr and Ba. 

Analyses of the seams show some distinctive differences, which, if corroborated by further 
sampling, could be used for correlation purposes. Such a correlation, however, is complicated by 
the irregular lateral variation determined in three seams, the Backpit, Harbour, and Phalen. 

Variations in composition of petrographic intervals support the petr« graphic classification 
and show peculiar concentrations of Mn, As, Pb, and Ge particularly, in either the top or bottom 
intervals, and frequently of Co and Ni. 

Three specific correlation problems are considered on the basis of trace-element composition, 
the relation of the Blackrock to the Backpit seams, the Lower Jubilee to the Lower Phalen, and 
the Gardiner to the Mullins. On the whole the trace-element evidence is not sufficiently decisive 
to establish clearly the relations. 

Data on the germanium content of the individual seams and overall average are included. 
The average Ge content of all seams is 0-004 per cent. The content of individual intervals ranges 
from a trace to over 0-20 per cent, but no great thicknesses of germanium rich coals have been 
found. 


6. Spectrographic analysis of silicate and carbonate rocks and minerals: (:kanam MacDonaLp 
and J. E. HAWLEY, Queen’s University, Kingston, Ontario. 

A technique is described for the analysis of silicate and carbonate rocks and minerals using a 
Stallwood air-jet and a 6-amp. d.c. are. 

Standards used in establishing this procedure include the well-analyzed granite and diabase 
prepared by the United States Geological Survey (U.S.G.S. Bull. 980), and National Bureau of 
Standards samples ranging from glasses, refractories, and clays to limestone and dolomite. 

The following ranges have been covered and are considered adequate for most geological 

Al,O, 4-40%; TiO, 0:25-1-0%; FeO 1-:0-10%; MgO 03-30%; 
MnO 0-01-0-2%; CaO 03-40%; Na,O 10-10%; K,O 4-0-15%. 


The sample is mixed with SrCO, and buffer graphite: one of sample, one of SrCO., and two of 
I 3 I I 3 

graphite. Strontium is used as an external standard, Sr 2931-8 being used for all elements but 

Na, with which Sr 3366-3 is paired. 


Comparisons of results with and without the air-jet are given, and the great improvement in 
precision and accuracy evolving from the use of the air-jet is illustrated. Favourable comparisons 
are made with the chemical data on precision as reported in U.S.G.S. Bull. 980. Mention is 
made of systematic and, at times, periodic variations in ratios obtained using both Ni, Pd, and 
Sr as external standards, from which data parallel working curves can be drawn. In the course 
of the investigation an apparent connection was noted between these erratic ratios and the 
expected ratios. This has been evaluated approximately and used as a correction factor. 
With this factor or a multiple of it, it is possible to correct the erratic ratios and bring them to 
a 45° curve. The phenomena appear due to what StrockK has described as “‘collisions of the second 
kind.”’ Use of the air-jet almost completely eliminates this effect. 

. Semi-quantitative and quantitative spectrographic analysis using the Stallwood air-jet source: 
F. A. Lana, and R. F. Sturrock, Mines Branch, Ottawa, Ontario. 

Aspectrographic method applicable to the semi-quantitative or quantitative analysis of a large 
variety of samples of widely differing composition is described. A modified verson of the air-jet 
first designed by STALLWOOD* is used along with a spectroscopic buffer and the d.c. arc. The 


‘ 


* StaL_woop, B. J.; Air-cooled Electrodes for the Spectrochemical Analysis of Powders, J. Opt. Soc 
Amer. 1954, 44, 171. 
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model used differs from the original in such @ way as to increase the practicability of its con- 
struction and use as well as the repeatability of the spectra. A detailed description of the design 
and application of the air-jet is given along with a representative group of analytical curves to 
indicate the results obtainable. The method has been used in the Mines Branch Spectrographic 
Laboratory for over two years with considerable satisfaction. 


8. Spectrochemical analysis of refined rhodium: ©. L. Lewis, W. L. Ort, Falconbridge Nickel 
Mines Ltd., Richvale, Ontario, and J. E. HAwLEy, Queen's University, Kingston, Ontario. 

Techniques for spectrographic determination of minor constituents in refined rhodium are 
described. These involve preparation of spectrographic standards in both sponge and black 
forms and conversion of refinery samples to the same forms for analysis. Principal contaminants 
are: iridium, palladium, iron, nickel, and silica, but platinum, ruthenium, gold, silver, copper, 
tin, lead, zine, and cobalt may also be present. The ranges of concentrations covered are those 
necessary for analysis of refinery production samples. Samples are mixed with graphite powder 
and pressed into pellets. Excitation is provided by either high-voltage spark or d.c. arc discharges 
as required for adequate sensitivity. 


%. A direct or non-ashing technique for the spectrographic analysis of used lubricating oil: 
DonacLp Jackson, Canadian National Railways, Montreal, P.Q. 

A direct technique for the spectrographic analysis of used lubricating oil is described. A 
rotating graphite-dise electrode carries oil into the analytical gap of a tandem gap a.c.-spark 
unit of the Wolfe and Enns type. The method is used to determine trace amounts of metals in 
the oil. 


10. Relationship between applications and methods in the spectrochemical determination of 
aluminium in steel: Joun H. Ketry, The Steel Co. of Canada Ltd., Hamilton, Ont. 

Aluminium controls such steel properties as grain-growth, yield-strength, inclusion type and 
content, porosity, notch-sensitivity, and transition temperature from ductile to brittle fracture. 
These properties depend on how much aluminium is present in the steel as each of the three 
principal components—solid solution, alumina, and aluminium nitride. Gravimetric and 
volumetric methods of analysis are tedious and time-consuming because of the separation of 
other interfering elements. Direct spectrographie analysis of solid samples gives only total 
aluminium, and the accuracy is dependent on the proportioning of the three components. 
A spectrochemical solution method is proposed which involves the separation of the solid 
solution plus aluminium nitride from the alumina. The solutions are sparked while being 
absorbed into a porous-graphite electrode. This technique eliminates the delay of gravimetric 
separations of interfering elements and for certain steels will improve the accuracy of analysis 
over that attainable by gravimetric analysis. Calibration is based on synthetic standards, 
covering approximately 0-001 to 0-500 per cent aluminium. 

During the process of making steel a knowledge of the degree of oxidation can be obtained 
by taking an aluminium-killed bomb sample. The analysis of the bomb sample for alumina gives 
proportionately the oxygen dissolved in the steel at the time the sample was taken. 


11. Some aspects of the determination of barium in silicate rocks: 1). M. SHaw, McMaster 
University, Hamilton, Ontario. 

A d.c.-are spectrographic method for the determination of barium was developed. A 10-mg 
sample was burnt in a 1/4-in. platform electrode at a current of 8 amp, taking seventy to ninety 
seconds for the complete burn. The discharge was recorded on Eastman-Kodak plates type 
III-F, using a Jarrell-Ash 21-foot grating spectrograph with a 5-step rotating sector and a 
20-micron slit. The ARL densitometer was used to ineasure line intensities, and a calculating- 
board to obtain figures for emitted-light intensities, relative to an arbitrary level. Lanthanum 
was used as internal standard, and the following lines were measured: Ba 4934; La 4921. 
An iron-are was exposed on each plate and the line Fe 4920 used for calibration. 

The chief point of interest is a matrix-effect discovered while comparing various artificial 


standards with rocks to be analyzed. The latter were shales consisting most of SiO, and Al,Og, 
with smaller amounts of K,O, Fe,O,, ete. Artificial standards consisting chiefly of SiO,, Al,Og, 
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and KC! (with BaCO,) were prepared, and mixed with 100 per cent graphite and 0-5 per cent 
La,O, before burning. The intensity of the La-lines was much less than with a natural rock, 
prepared in a similar way. The addition of 5 per cent Fe,O, to the standard was found to remedy 
this effect. The Fe-oxide does not appear to influence the Ba-line. 

Both standards and natural samples were sintered at red-heat for fifteen minutes after loading 
the electrodes, to render both kinds of materials as similar as possible in crystalline state, thereby 
decreasing systematic errors. Samples were run in quadruplicate, giving a precision of about 
+20 per cent of the absolute amount of Ba for a 95 per cent probability range. Systematic 
error was believed to be negligible and was confirmed by comparison of spectrographic with 
chemical results carried out elsewhere. 


12. The determination of the origin of opium by means of the composition of the ash: J. C. 
BarTLet and C. G. Farmi.o, Food and Drug Laboratories, Ottawa, Ontario. 

Much of the illicit narcotic trade of the world is concerned with opium. It is not only used as 
it is, but is the source of morphine and the indirect source of heroin. In order to control the 
international drug traffic, the geographical source of illicit opium must be known so that supplies 
of the drug may be cut off at the start. 

In the past few years, the United Nations Secretariat has acted as co-ordinator for research 
aimed at devising chemical and physical means of identifying the origin of opium. As a part of 
this programme, the composition of the ash of over one hundred opium samples of known origin 
has been determined flame photometrically, spectrographically, and chemically. From the data 
collected it has been possible to deduce criteria for the determination of the geographical origin 
of unknown samples. These criteria have been tested by the determination of the origin of 
twenty “unknown” samples. The validity of the method is demonstrated by the fact that each 
of the twenty unknowns was identified correctly. 


13. The spectrograph in forensic science: D. ALan Eacieson, The Attorney-General’s Labora- 
tory, Toronto, Ontario. 

This paper will discuss generally the type of problem encountered in a laboratory at the dis- 
posal of law-enforcement agencies, the type of sample submitted as material which may yield 
readily to spectrochemical treatment, and the use of such analytical findings as evidence in 
court; the use of the spectrograph in toxicological analyses in sudden-death cases due to heavy- 
metal poisoning. Some qualitative and quantitative data will be shown. 


14. The selection of homologous spectral-line pairs: J. K. Hurwirz, Mines Branch, Ottawa, 
Ontario. 

The requirement that the relative intensities of the spectral lines chosen for spectrochemistry 
be independent of source fluctuations was stated explicitly in the definition of a “homologous 
spectral-line pair.’’ However, implicit in this definition were two additional requirements that 
neither spectral line was self-absorbed and that the elements concerned were volatilized at the 
same rates. The first two conditions were examined in detail for the analysis of steel alloys. To 
overcome the effects of source fluctuations, spectral lines of similar excitation potentials were 
selected and were found to be satisfactory in this respect. Self-absorption was reduced or elimi- 
nated in three ways. Spectral lines whose transitions ended on energy levels which were not 
near the ground state of the atom or ion concerned were selected. An air blast was directed 
across the analytical gap and away from the spectrograph slit to sweep away the absorbing 
atoms or ions. Suitable excitation conditions were chosen in which no absorption was observed 
for the concentrations involved. 


15. Methods of statistical inference for the physical scientist: K. ©. SuHnay, Mines Branch, 
Ottawa, Ontario. 

The methods of statistical inference were originally developed for the analysis of agricultural 
and biological research data. However, in recent years these methods have become almost 
universally recognized as a powerful tool for the research worker in any field. 

The methods discussed include the standard tests of significance, correlation, regression, and 
the analysis of variance. In every case the underlying assumptions and the limitation of these 
methods are discussed. 
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In some cases the assumptions underlying the standard tests of significance are not valid. 
Suitable non-parametric or distribution-free methods are described. Correlation analysis of 
variance and tests of significance for ranked data are also discussed. 


16. The spectrochemical analysis of uranium and thorium in low-grade ores: J. E. BurGENER, 
J. F. Gurney, and N. Rupnrk, Technical Service Laboratories, Toronto, Ontario. 

A spectrochemical method of analysis is described for the simultaneous determination of 
uranium and thorium in the range 0-03 to 0-8 per cent. Enhancement of the uranium spectrum 
is achieved by the use of lead and palladium chlorides; chromium is used as an added internal 


standard. 


17. Spectrochemical analysis of radioactive materials: (:. Zorov, Atomic Energy of Canada Ltd., 
Chalk River, Ontario. 

Procedures developed for the spectrographic analysis of radioactive materials at Atomic 
Energy of Canada Limited are described. Samples are loaded directly onto graphite, thus 
eliminating lengthy sample preparations. The electrodes are then mounted in a new-type 
chamber especially designed to eliminate radioactive contamination, and are sparked under 
carefully controlled conditions. The photographic plates are developed and compared with 
standard plates to give the required analysis. 

Techniques of preparation of standards, loading of electrodes, igniting of sample, and 
handling of photographic plates are described. Details of the calibration of the plates and the 
use of internal standards are given. Limits of detection, reproducibility, and accuracy are 
discussed. Slides showing some details of equipment used, and spectra of some of the less 
familiar and artificial elements, are included. 


18. The spectrochemical analysis of gold-assay residues using the copper-spark technique: 
GEORGE M. Gorpon, University of California, Berkeley, Calif. 

A technique is described permitting one to examine fire-assay gold residues for evidence of 
the platinum-group metals. The gold is dissolved and analyzed by the copper-spark technique, 
using gold as an internal standard. The smallest quantities of the platinum metals which can be 
detected in 50 micrograms of gold are: rhodium—0-01 microgram; platinum—0-05 microgram; 
and palladium—0-05 microgram. An initial sample weight of 0-1 to 1 milligram of gold is quite 
adequate for the determinations. 

19. Spectrographic analysis studies of agricultural and related materials in Nova Scotia: 
W. M. LaneiLir, Department of Agriculture and Marketing, Truro, N.S. 

The variety of materials analyzed in the spectrographic laboratories of the Nova Scotia 
Department of Agriculture and Marketing are outlined. Various methods used for wet and dry 
ashing of plant tissue and biological tissue samples are discussed. Reasons are given for the 
selection of certain of these methods. A concentration procedure for precipitating and concen- 
trating the trace elements under study is given. The elements studied particularly include 
cobalt, molybdenum, nickel, zinc, and copper. Problems and difficulties in the entire analysis 
procedure are discussed, and the changes that have been made which seem to improve the 
methods are given. 


20. Non-metallic fluorescent X-ray analysis: J. W. Kemp and Geo. ANDERMANN, Applied 
Research Laboratories, Glendale, Calif. 

The analysis for major constituents in ores, slags, and related materials has always been a 
difficult problem for spectroscopists. Fair results have been obtained by techniques involving 
fusion, briquetting, and optical emission analysis of the briquette. Often, however, this 
technique does not give sufficient precision and accuracy for the determination of major 
metallic constituents, or is too time-consuming. Where maximum accuracy is not required, a 
fluorescent X-ray technique requiring only grinding and sieving the sample will often provide 
the required analysis. The analysis of several types of material by this method are discussed. 

For certain types of samples, and for maximum accuracy, the straight powder technique is 
not satisfactory. A technique consisting of fusion and X-ray analysis of the resultant bead has 
been developed as a solution to this problem. Examples of this method are also presented. 
Where required, the bead, after X-ray analysis, can be used to prepare a briquette for optical 
emission analysis. 
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The Fifth International Spectroscopy Colloquium, 
Gmunden, Austria 


This was held at Gmunden, from August 30 to September 3 1954, and was arranged 
by the Arbeitsgruppe fiir Spektrochemie und Kolorimetrie of the Verein Oesterreichischer- 
chemiker. The organization of the meeting was ably carried out by Professor Dr. F. X. 
MAYER, assisted by Dipl. Ing. H. Svespa and Dr. K. H. Sprrrzy. 

About 520 people attended the Colloquium, from twenty-three countries, and the 
list of papers communicated is printed below. A report of the whole Colloquium will be 
published in Mikrochemie. 

Among many features of the Colloquium there is only space here to refer to the exhi- 
bition of apparatus, which was organized in a school and supported by about a dozen 
manufacturers of spectroscopic equipment. Many useful discussions were held around 
this apparatus, or in the buffet which was provided on the same premises. 


R. Ricarp (France): Utilisation de l’are électrique 4 courant continu pour |’analyse 
quantitative des silicates. 
F. Rost (Germany): Silikatanalyse im Wechselstrombogen. 


S. LANDERGREN (Sweden): On the spectrochemical analyses of igneous rocks, sediments, 
and ores. 


H. Svespa (Austria): Ein Beitrag zur Spektralanalyse von Lésungen. 


J. A.M. Diknorr and N. W.H. Apprnx (Holland): Ergebnisse der Intensitaétsbestimmungen 
mit der spd-Skala. 

H. Kaiser and F. RosenpDanL (Germany): Neuere systematische Beobachtungen tiber 
Abfunkvorgiange. 

K. Lane (Austria): Mefbare Lichtschwichung mit dem rotierenden Sektor in der photo- 
graphischen Spektralphotometrie. 


G. Hoipt (Germany): Fehlerverringerung bei der quantitativen Spektralanalyse im Bogen 
durch Gewichtserteilung am Logarithmus des Intensitaétsverhaltnisses. 


H. J. Ercunorr and E. Marka (Germany): Uber die Genauigkeit spektrochemischer 
Additionsverfahren. 


. Gottine (Germany): Uber das halbquantitative Analysenverfahren nach Harvey und 
seine Durchfiihrung mit einem Spektrographen mittlerer Dispersion. 


A. Fink (Austria): Die Verwendung alkoholischer Lésungen bei der flammenphoto- 
metrischen Analyse. 


H. (Germany): Ein neuer Zerstaéuber fiir das Flammenphotometer. 
3. GorBACH (Austria): Die Bedeutung der Mikromethoden fiir die Spektralanalyse. 


J. Berwrema (Holland): Eine allgemeine Methode zur spektrochemischen Analyse von 
nichtleitenden Stoffen mittels des Gleichstrombogens. 

K. PrerLsTicKEeR (Germany): Fortschritte in der spektrochemischen Analyse der Nicht- 
metalle mit dem stromstarken Niederspannungsfunken. 


A. ScuOntaG (Germany): Die spektrographischen Folgen der Variation des Entladungs- 
gases beim Kohlebogen und Hochspannungsfunken. 


B. More.xo (Italy): Uber die Méglichkeit der Ausrichtung der Schwarzungskurve. 


G. Hansen (Germany): Priifung der photometrischen Funktion von Spektralphotometern. 
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R. Rrrscui (Germany): Spektrallinientabellen. 

H. Bicxert (Italy): Uber die Verwendung von Zahlenschreibern bei der Schwarzungs- 
messung von Spektrallinien. 
K. (U.S.A.): Infrared flame spectra. 
. Vopar-J. RoMAND (France): Progrés récents de la Spectroscopie dans |’UV lointain entre 
2000 et 100 A et applications possibles a |’analyse spectrochimique. 

+. A. Monnort (France): Les applications de l’analyse spectrale a I’étude des poudres non 
conductrices et plus particuliérement de la silice et des silicates par émission UV et 
absorption IR. 


A. Terentn (U.S.S.R.): Ultrarotspektroskopie von absorbierten Molekulen an porosen 
Glasern. 


M. P. Groenewece and H. A. van Vucnut (Holland): Anwendungen fiir analytische 
Zwecke des nahen IR, unter Zuhilfename des Beckman’schen UV-Spektrophotometers. 


E. SCHAUENSTEIN (Austria): Spektrographische Messung der Dissoziationskonstante bei 
hochpolymeren Stoffen. 


H. Bayzer and E. Scuavenstetn (Austria): Uber die quantitative Beriicksichtigung der 
Tyndallabsorption im UV-Absorptionsspektrum von Proteinen. 


J. Derkoscu and F. X. Mayer (Austria): Cher den Nachweis und die Bestimmung des 
Schadlingsbekampfungsmittels E 605 in der gerichtlichen Chemie. 


P. Toum1kosk! (Finland): Le moment dipolaire de la molécule du pyrrole dans la liaison 
hydrogéne. 


B. Bak, L. Hansen and J. Rastrup-ANDERSEN (Denmark): Microwave spectra of deute- 
rated pyridines and the structure of pyridine. 


M. Pestemer and G. Scuetpe (Germany): Uber einheitliche Dokumentation und Dars- 
tellung von Absorptionsspektren im IR und UV. 


H. TscHaMer (Belgium): Bericht iber das Symposium “Molecular Structure in spectro- 
scopy” der Columbus-University, Ohio State, U.S.A., vom 14. VI. bis 18. VI. 1954. 


L. Ropert-J. Favre (Fance): Spectres IR des gels des savons-métalliques. 

W. Barry (Switzerland): The new universal emission quantometer and its application. 
G. WINKLER (Switzerland): Die quantometrische Analyse von Leichtmetallen 

A. C. Menzies (England): Advances in direct reading spectroscopy. 

P. Scnoryers (U.S.8S.R.): Untersuchungen tiber die Intensitaét von Ramanlinien. 


A. Hawsick, A. Hans, and L. Lacomaxe (Belgium): Résultats Pratiques de Contréle de 
Fabrication Obtenus a | Aide de Appacillage Radio-Synthése—Utilisation du Faisceau 
Réfléchi (Ordre O) comme Standard Interne 


Z. Hatnski (Belgium): Détermination quantométrique du Phosphore et du Carbone dans 
les Aciers 


W. Marti (Switzerland): Messung des Intensititsverlaufes der Bezugslinien fiir die 
Analyse von Legierungen mit Fe-, Ni- oder Co- Basis. 
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J. VAN CALKER (Germany): Stroboskopische Untersuchungen iiber den zeitlichen Aufbau, 
die optische Absorption und das Nachleuchten gesteuerter Funkenentladungen. 


F. ReGcLer (Austria): Fluoreszenzspektroskopie mit Réntgenstrahlen. 


H. Hereworz (Austria): Neue Wege und Ergebnisse der Réntgenspektroskopie. 


E. Liscuer (Switzerland): Anwendung des Réntgenstrahlen-Quantometers in der Analyse. 


G. L. Wertsster and H. H. Forster (U.8.A.): Photoionization efficiencies and cross 
sections in O,, N, and other gases. 


D. Ricnarpson (U.S.A.): Modern grating spectrographs. 
W. Jascuek (Austria): Priifung von Beugungsgittern nach dem Phasenkontrastverfahren. 


A. H. Gitireson (England): Applications of the plane diffraction grating in convergent 
light. 


J. Junkes and E. W. SaLperer (Vatican): Ein Schnell-Registrierphotometer zur Auswer- 
tung von Spektralaufnahmen. 


L. M. Rrentsma (Holland): Ein einfaches optisches ‘‘Memory-System” fiir Einzelstrahl- 
Spektralphotometer. 


G. Miiazzo (Italy): Eine Wasserstoffréhre mittelgroBer Leistung fiir Absorptionsspek- 
troskopie. 


H. Havusporrr (U.S.A.): Apparative Fortschritte der Infrarot-Spektroskopie. 


C. G. Cannon (England): The interaction and structure of the CONH-group in amides 
and polyamides. 


A. Exuiorr (England): The near I[R-spectrum of natura] and synthetic fibres. 


J. Mann and H. J. Marrinan (England): A study of the crystallinity of cellulose by 
IR-spectroscopy and the hydrogen-deuterium exchange reaction. 


J. Scnurz (Germany): Die UV-Absorption der stabilisierten Xanthogenatgruppe. 
On each evening there was also a short discussion, introduced by a review of recent 


progress in the subject, and these were usually terminated before the interest in the subject 
had been exhausted. The subjects chosen and the leading speakers were as follows: 


N. W. H. Appink: Erfahrungen iiber besondere leitprobenfreie Verfahren. 
H. Kaiser: Auswertung von Spektrogrammen. 


G. Hansen und G. Mitazzo: Vergleich der Leistung von Auge, photographischer Schicht 
und elektrische Strahlungsempfangern bei spektralphotometrischen arbeiten. 


F. Matruiev et C. BurckHaRDT: Le Spectro-Lecteur Radio-Cinema. 


J. Wacner, J. M. Larnaupie, und R. Krenrrz: IR und Raman Spektrosckopie als 
analytische Hilfsmittel. 
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Sixth International Spectroscopy Colloquium 
A meeting to discuss this was held during the fifth Colloquium at Gmunden, and was 
attended by representatives from Austria, Belgium, Czechoslovakia, France, Germany 
(Eastern and Western), Great Britain, Holland, Italy, Jugoslavia, Norway, Sweden, 
Switzerland, and the Vatican City 

The question of co-operating with molecular spectroscopists of the more theoretical 
type, in order to broaden the basis of such Colloquia, was first discussed. It was considered 
that joint meetings would not be useful, but that meetings on consecutive dates might well 
be arranged. It was pointed out by various speakers that the degree of integration between 
the theoretical and applied schools of spectroscopy was different in various countries. 

The question of whether to hold the Colloquium annually or every two years was 
discussed at some length; it was finally decided to have a two-year interval before the 
Sixth Colloquium, but to leave the question of principle open for future discussion. The 
meeting agreed to accept the invitation of the Dutch spectroscopists to hold the Sixth 
Colloquium in Holland in 1956. The organizers were invited to arrange that. as far as 
possible, papers should be printed before the meeting and presented briefly for discussion, 
although this would make the meeting resemble a Congress more than a Colloquium. 
There was some difference of opinion as to whether the papers presented at successive 


Colloquia had maintained a sufficiently high standard; and the point of view was strongly 


expressed that the habit of annual international gatherings of spectroscopists should be 
kept up in spite of the difficulties of organization. 


: 
we 
953/ 
‘ 
ne 
452 
: . 


Book reviews 


W. Gorpy, W. V. Smrrn, and R. F. Tramparvco: Microwave Spectroscopy. Wiley, New York; 
Chapman and Hall, London. $8.00/64s. 


DwurRinG the last war great advances were made in the field of short radio waves, and many 


physicists had their attention directed to this field. One result of this was the post-war boom 


in radiophysics; not only have electronics become the outstanding tool of research, but radio- 


waves themselves form the basis of radio-frequency spectroscopy and astronomy. Both electric 


and magnetic dipole transitions give rise to spectra in this region, and very high precision is 


obtained, Frequency is measured (rather than wavelength) by comparison with the harmonics 


of a quartz-crystal oscillator, and thermionic vacuum tubes provide a single-frequency source 


so that no dispersing instrument is required. The main difficulty arises from the weakness of 


the absorptions to be measured—the strongest line in the ammonia spectrum near 1-25-cm 


wavelength gives an absorption of only 7 per cent of the incident energy per metre of path. 
To overcome this difficulty, the absorption is modulated in intensity by the application of 


electric or magnetic fields oscillating at a low frequency, and the resulting signal of this particular 


frequency is picked out and amplified in order to overcome the background fluctuations. The 


latter can be further reduced by using an amplifier with a narrow bandwidth, and the sensi- 


tivity of apparatus for gaseous spectra at centimetre wavelengths is such that a line with an 
absorption coefficient of 10-% per centimetre can be detected. The structures of a large number 


of simple molecules have been evaluated, and magnetic resonance in the solid state has contri- 
buted greatly to the theory of paramagnetism. From the hyperfine structures observed, infor- 
mation has been obtained on nuclear spins, magnetic moments, and electric quadrupole 


moments. Very small samples can be used, making it possible to work with radioactive isotopes. 

The group led by Professor Gorpy at Duke University has become one of the leading 
microwave laboratories; they have specialized in work on gases, and have observed spectra at 
wavelengths down to 0-77 mm. It is therefore natural that most of this book should be con- 
cerned with the spectra of gases and their interpretation. After an initial section on instru- 
mentation, three chapters are devoted to the various types of gaseous spectra, their Stark and 
Zeeman effects, line shape, and intensity. Solids and liquids are dismissed in one chapter, 
and another three chapters discuss nuclear properties and molecular structures. The book ends 


with a short chapter on applications in other fields. 

This book is a good introduction to microwave spectroscopy, being particularly useful to 
anyone starting research in this field. It is attractively printed, and has many tables and 
extensive references to the literature. The most serious drawback is the inadequate space 
devoted to solids and liquids; liquids occupy less than two pages, and no mention is made of 
the considerable amount of work on the Debye absorption in liquid water. 


B. BLEANEY 


The Spectrum of Steel—A Table for the Selection of Homologous Spectral Lines. By Joun Convey 


and J. K. Hurwitz, Dept. of Mines and Technical Surveys, Ottawa, Canada. 1954. pp. 1-55, 
$1.00. 


Tuis booklet will be found valuable to all spectroscopists who are interested in the analysis of 
ferrous alloys. It lists about 2,400 lines of the steel spectrum between 2237 and 4383 A; and 
is remarkable in that it includes about 500 lines of the most likely alloying elements in steel: 
Mn, Si, Ni, Cr, Mo, V, and Cu. For each wavelength it also lists the excitation potential (where 
known for the alloying elements), and the visual intensity as well as likely interferences. This 
makes it relatively easy to select homologous line-pairs for analytical work without the lengthy 
statistical testing of stability of the relative intensity which was formerly advisable. 
Spectroscopists engaged in the mapping of spectra will also find this book useful as an atlas 
for the arc- and spark-spectra of iron, which also lists the relative position of the lines in the 
spectrum given by a Hilger large Littrow spectrograph to six significant figures. 


E. 


VAN SOMEREN 


-9 /c 
> 
we 
453 


Book reviews 


Spectroscopia Molecular. 


Tus new periodical is a monthly Bulletin published by the Spectroscopy Laboratory, Illinois 
Institute of Technology, Chicago 16, Illinois. It deals with molecular and infrared spectro- 
scopy, publishes original contributions, book reviews, bibliographical information, and some 
advertisements. 

It is almost unique in that the language used is “Interlingua,” a language based on the 
common words of Western European languages, with a minimal syntax and grammar. The 
simplicity of this language is such that anyone who has studied a little Latin at school, and has 
then absorbed the current vocabulary of scientific communication in his own language, will 
find himself able to read papers in “‘Interlingua”’ with a little hesitation but no serious difficulty. 
At first glance one might think one was reading Latin, but the absence of inflections and 
simplified grammar are based on the more highly developed word-usage of English. 

A specimen copy can be obtained free, but regular readers are invited to contribute to the 
cost of production and distribution at the rate of about $2 per annum. 


ANNOUNCEMENTS 


Sixth Pittsburgh Conference on Analytical Chemistry 
and Applied Spectroscopy, 1955 


The above conference will be held at the William Penn Hotel, Pittsburgh, starting 
Monday 28 February and continuing through Friday 4 March 1955. 


Contributed papers and enquiries should be addressed to the Programme 
Chairman, J. F. Mrtuer, of the Mellon Institute, 4400 Fifth Avenue, Pittsburgh 13, 
Pa, U.S.A. 


Stainless steel spectrographic standards 


The National Bureau of Standards announces the availability of three stainless-steel spectro- 
graphic standard samples of the 18 Cr—8 Ni type. The standards are issued in the form of 
rods 7/32 inch in diameter and 4 inches long. Concentrations are listed in the provisional 
certificate of analysis for nine minor and trace constituents within the following ranges: 
Al 0-0003-0-0025°%,, B 0-0005-0-0033%,, Cu 0-11-0-24%, Pb 0-002-0-004°,, Mo 0-12—0-22%, 
Nb 0-03-0-21%, W 0-08-0-18%, V 0-032-0-12°,, and Zn 0-003-0-005%,. The samples, numbered 
442, 443, and 444, may be purchased from the National Bureau of Standards, Washington 25, 
D.C., at a price of $8.00 each. 


ERRATUM 


The date of receipt of the spectrochemical note 
“Niederspannungs-Funkenerzeuger” by Trnor TOR6K 
(this journal, 1954, 6, p. 228) should read 10th 
February 1953, instead of 1954. 
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